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PREFACE TO FIFTH EDITION. 

"Osbom's Tmbles" are now too well known among engineers 
and designers to require further introduction. The first edition, bjr 
Mr. Prank C Osbom, a:ppeared in z886, and was followed in turn 
by three others in the next eight years. Since the publication of 
the fourth edition in 1894, the various mills have adopted uniform 
standards of shapes which nearly all varied somewhat from those 
used In Aha *****<*•- This considfifaUv dienased tha nsefaliMaa of 
the tables as they then existed. 

Believing, however, that the work still fills a want among de- 
signing engineers, the present edition has been prepared. The 
tables of moments of inertia and squares of radii of gyration have 
«11 been completely refigured, using the present standard ndll wto- 
tions and shapes, and combl^d^g them in accordance with present 
designing practice. It is believed that these tables will prove much 
more convenient than the earlier ones in this respect. 

The tables of -^^ square root, svnng bridges, rivets, web plates 
and timber beams, have alt been preserved in the present edition. 
Some of the other matter, now obsolete, has be^ omitted and 
instead there have been included tables of <pie safe working 
strengths of soft steel and medium steel columns, of standard loads 
and unit stresses for bridges, of timber columns and of bridge 
weights. 

There have also been included a few pages of historical and 
ether statistics concerning the bridges of the ^h>rld that it is hoped 
may prove of interest. Such infonnation is not easily obtainable 
elsewhere. 

It is earnestly hoped that this new work may have the same 
kind reception and may prove as useful a companion to the design- 
ing engineer as have its preceding editions. . 

TBB OSBORN EKOINBBRXKa OoiotaMT. 
CLE VB LAND, MA&CB, X905. 
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PREFACE TO FIFTH EDITION. 

**Osbom*t Tablet" are now too well known among engineers 
and designers to require further introduction. The first edition, hjr 
> Mr. Prank C Osbom, a;ppeared in i886, and was followed in turn 
by three others in the next eight years. Since the publication of 
the fourth edition in 1894, the various mills have adopted uniform 
standards of shapes which nearly all varied somewhat from those 
ttsedlnilwlabtea. ThiscoasidCTsb^ decrrtufd tha WBnfnlnmm of 
the tables as they then existed. 

Believing, however, that the work still fills a want among de- 
signing engineers, the present edition has been prepared. The 
tables of moments of inertia and squares of radii of gyration have 
«11 been completely refigured, using the present standard ndll seo> 
tions and shapes, and cembinias them in accordaaoe wkh present 
designing practice. It is believed that these tables will prove much 
more convenient than the earlier ones in this respect. 

The tables of -^^ square root, swing bridges, rivets, web plates 
and timber beams, have all been preserved in the present edition. 
Some of the other matter, now obsolete, has betii omitted and 
instead there have been included tables of <^e safe working 
strengths of soft steel and medium steel columns, of standard loads 
and unit stresses for bridges, of timber columns and of bridge 
weights. 

There have also been included a few pages of historical and 
other statistics concerning the bridges of the #orld that it is hoped 
may prove of interest. 8uchinform«tioa is not easily obtainable 
elsewhere. 

It is earnestly hoped that this new work may have the same 
kind reception and may prove as useful a companion to the design- 
ing engineer as have its preceding editions. . 

ThB OSBORN ENOINBB&XKO OOMfWkllT. 

Cleveland, Maxch, 1905. 
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EXPLANATION. 



The sbapctnacd in the following tables are those manufactured 
by the Carnegie Steel Co., Pittsburg Pa. The moments of inertia 
will not, however, vary materially for shapes of same sixe and 
weight made by other manufacturers. 

in all cases calculations have been baaed on the grass area, and 
if it is desired to use the sections as beams to resist direct bending, 
due allowance should be made for loss of section from rivet holes 
in tension flanges. 

The following example will illustrate the general method pur- 
sued in obtaining the moment of inertia and square of radius of gy- ' 
ration for sections composed of two plates and four angles riveted 
as shown on page 43: 



a plates la X 9<~6.oo sq. ins. 
4angles35i X aji x ?t -8.44 

Total, 1444 sq. ins. 



3i7.07'*>t4.4^-as.9&*ra 



■la X xas— 72.00 

X 5.34*-a40.7i 
4 X 1.09 - 4.36 



I-317.07 



The moment of inertia of the plates b^ng ^j dd*"^ Ad^ in 
which di^breadth, <f— depth, and A the area of the plates; and 
the moment of inertia of each angle being Af3-i~<» in wliidi a eqwte 
thiearea of the angle, d the distance of its esater of gravity from 
the neutral axis of the section, and i^ its moment of inertia about 
an axis through its own center of gravity parallel to that neutral 
axis. In the above example, 5.34 inches is Che distance f torn center 
of gravity of angle to the nevtral axis, and 1.09 is Hhe moaicnt of 
inertia of one angle about an axis tlnrnigb its canter of gfsvity, as 
given in Carnegie's Pocket Compaotai, 

For trough-shaped sections it is convenient to first determine 
the position of the neutral axis, which is done as follows; Multiply 
the area of the top plate, top angles, webs and bottom angles, each 
by the distance of its center of gravity from the lower edge of web. 
Divide the sum of these products by the total area of the sectioa, 
and the result will be the distance of the neutral axis above the 
lower edge of the web: 



Top plat* 17 X H^ 6.38 X 14.19— 90.53 
a top angles 3 X 3 X ^~ 4>33 X x3-ix^ 55-39 
2 web plates 14 X H— xo^ X 7.«o-i 73.50 
a bot. angles 4 X 3 X H~ 7-96 X" 0^7— 6.93 

39.06 X 7.7^-336.37 
7.00 
deduct, 29.06 X 0.79 a 



6.38 X 7.»9*— 3^9-82 
4.23 X 6i.xi a— 157.54 

io.5p-naXi4*— 171-50 
7.96 X 6.13a— 299.11 

957-97 
+ 9-36 

96733 
- 17-99 



1-949 34 
^2-949.34+29.06-33.7 

Find the moment of inertia of the section about an axis through 
the center of the web* as follows: Multiply the area of the top 
plate, top angles and bottom angles, each by the square of the dis' 
tance of its center of gravity from the center of web; add to these 
results the moment of inertia of the webs, which may be taken 
from the table on page 22, and the moment of inertia of each angle 
about an axis through its center of gravity. Prom the result sub- 
tract the product of the area of the section by the square of the 
distance from the neutral axis to the center of the web» and the 
result will be the required moment of inertia of the section about 
an a^ through the eenter of gravity pcrpeadlcnlar to the web. 

The moment of inertia of the top plate about aa axis through 
its center of gravity should, strictly speaking, be added to the 
above, but its value in the present iiiitanrr is aosmaU that the final 
result is not materially affected. 

A somewhat easier method, especially when the operation has 
to be performed without the aid of a slide rule is the following: 



Top plate 17 X H- 6.38 X 7.19-45-87 
a top angles 3 X 3 ^^ ^^ 4.» X 6.11-25.78 

71.6s 

a web plates h X H-io-d* 
a bot. angles4 X ^ X H- 7.96 X 6.13 -48.79 

39.06 X o.79-a3.86 



deduct, 39.06 X 0.79a 



X 7.19— 329-82 
X 6.11.157.54 



X71;50 

X 6.13P-.299.XI 

957.97 
+ 9.36 



967-33 
- 17-99 



1-949-34 

This plan avoids the use of squares in getting the moment of 
inertia and saves one multiplication in getting the position of the 
nentral 



The word ecceniricUy is used in the tables to denote the dis- 
tance of the neutral axis of the section from the center of the web. 

In the calculation of these sections for moments of inertia 
sideways, the distance out to out of webs was assumed equal to the 
width of top plates* less twice the nominal length of leg of top 
angle. 

The table for two angles, page 14, is based <m the assnmption 
that the angles are attached to each other securely enough to act as 
one member; if the angles are not so connected, then the least value 
of rs for one angle should be nsed, and the column considered as 
two separate members. 

8TRBNGTH OP COI^UMNS. 

By means of the table of Talnes of ~ the working streu^^ of 

any column for which rs is known, can be readily obtained. 

Bxamplb: Required the working strength of a medium steel 

column x8 feet long, square at both ends, made up as section 8x on 
page 6z. ' 

Th^ value of rs is 37.0 and the area 38.72 square inches. 

Referring to the table of -^, look down the column headed r2 
until we come to 37.0; then in the same horizontal line, under z8, 
find 9 for the value of — ; referring now to the tables of working 
strength of medium steel columns we find opposite 9 the working 
strength per square inch of 14479 1^* The total working strength 
of the column will then be: 

14479 z 38-72 — 560636.82 lbs. 

BEARING AND 8HBARING VAI«UB OP RIVBT8. 

This table is designed to facilitate the calculation of pitch and 
diameter of rivets uniting flanges and web at the ends of stringers 
and beams. Assuming the shear as acting in lines of 45 degrees 
the total stress is transferred from web to flanges in a distance 
equal to the effective depth of the stringer or beam. If, therefore, 
we divide the total stress by the effective depth of beam we will 
obtain the shear per vertical foot of beam or its equivalents, the 
shear per horizontal running foot of beam. Dividing this shear per 
foot run by the allowed unit stress for bearing or shearing we ob- 
tain the required bearing or shearing area of rivets to be provided 
for each running foot, and an inspection of the table will show at 
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once the necessary fdtch, sixe of rivet and thickness of web required 
to give this area. 

Bxamplb: Given a stringer or beam with an effective depth of 3 
feet and a shear at the end of 45,000 pounds. What pitch and diam- 
eter of rivet will be required to transmit the shear to the flanges 
without exceeding a bearing pressure of x 3,000 pounds per square 
inch or a shearing strain of 8,000 pounds per square inch on the 
rivets? 

45,000 lbs. -I- 3 — 15,000 lbs. per foot run. 

•*■ za,ooo « X.25 bearing area required. 
•*• 8,000 — X.88 shearing area required. 

Referring now to the table we find that for a H^ web Ji" 
rivets would require a pitch of 3^, giving a bearing area of x.31 
square inches and 2.41 square inches for single shear, or 4.81 for 
double shear. With a -^^ web 3^^ pitch would give the same 
bearing area and would give 2.06 square inches for single shear or 
4.12 square inches for double shear. 

Using %^ rivets, a %" web would require a pitch of 2^^ giving x .35 
square inches for bearing and 2.X2 square inches for single and 4.24 
square inches for double shear. A ^' web would i>ermit 3" pitch 
and give 1.3X square Inches forbearing and x.77 square inches for 
single or 3.53 square inches for double shear. 

RESISTANCE OP GIRDER WEBS AGAINST BUCKIflNG. 

This table will indicate, when the shear x>er foot run is known, 
whether stiffeners are necessary or not. If stiffeners are required 
the table will show the proper clear distance between them. The 
application of the table will be illustrated by the following; 

EzABfPLB: Given a stringer or beam with an effective depth 
of 3 feet and a shear at the end of 45,000 pounds. Will stiffeners be 
required* and If so, how far apart should they be placed? 

The shear per foot run equals 

45,000 lbs. -«- 3 — X5,ooo lbs. 

Referring now to the table and assttming that a H' web has 
been adopted we find that in the column headed **t equals %,** that 
15,000 falls between 14*360 and 16,500, corresponding to a spacing of 
stiffeners of 2 feet 6 inches and 2 feet 3 inches^ This spacing being 
less than the clear vertical distance between horizontal angles in- 



dicatet that stiffenen are necessary, and indicates, also, that the 
end stiff eners should be spaced apart a distance not exceeding a feet 
3 inches. 

Should this shear be produced by a concentrated load on the 
girder, then this spacing of stiffeners should be made uniform 
from the end of the girder to the point of application of the load. 
If this shear is produced by a uniformly distributed load the total 
shear, and consequently the shear per foot run, diminishes toward 
the center of the girder and consequently the stiffeners may be 
spaced farther apart until the clear distance between them equals 
the clear vertical distance between the horicontal angles of the gir- 
der. When the tab\e shows a distance apart between stiffeners 
greater than the distance apart of the flange angles, stiffeners will 
not be required to prevent buckling of the webs. By referring to 
the column headed *t equals ^'* itappean that if a -^ web is used 
stiffeners would net be required, as their distance apart would just 
equal the clear vertical distance between flange angles. If a ^^ 
web were used stiffeners would be required i foot and 9 inches apart 
in the clear. 

The several formnls ia use have for the numefator constants 
varying from 8,000 to 15,000, lo^ooo has been adopted ia the present 
case, partly because it will in ocdinary cases giv« fair results and 
partly because in case it is desired to use another formula the pres- 
ent formula may be readily adapted to another constant by a ready 
percentage comparison. 

CVNTKXFUGAIf FORCR 

This table shows, for various velocities and dcgreea of carva- 
ture, the amount of centrifugal force, expressed in the form of per 
cent, of weight. It will be found useful in determining the stresses 
in lateral bracing due to moving loads on bridges located on 
curves, and its application is as follows : 

Obtain in the usual manner the maximum shearing stresses in 
the various panels of the truss, due to the specified rolUag load, and 
ia the same manner as if the truss were on a tangent. Multiply 
these shearing stresses by the tabular coefficient co ii e spou ding to 
the degrees of curvature and desired velocity and the results will be 
the shearing stresses due to the centrifugal force. 



10 



STRKNGTH OP TIMBER BEAMS. 

The use of the tables of bending moments and capacities of 
timber beams will be, perhaps, best illustrated by the following : 

Example : Required the size of joist to support a load of loo 
lbs. per square foot, the length of span being x8 feet, the joists to be 
spaced 2 feet center to center and the unit stress not to exceed zooo 
lbs. per square inch. 

Assume the weight of joists and flooring to be ao lbs. per square 
foot. • 

Prom the table of bending moments we find'- 

Por 20 lbs. per square foot and 18 foot span, x6ao foot lbs. 

x8 ** " 8100 



" 100 *' 



«• >« 



Total bending moment » 9720 

Referring now to the table of capacities for xooo lbs. fiber strain 
we find that a' X 16', 3%" X 15' or 4' X X4* will answer the purpose, 
the 3" X 16' being the most economical in material. 

Por other spacing of joists than 24 inches, obtain the load per 
lioeai foot of joist and then select the corresponding bending mo- 
ments and proceed as above* If, in the above example, tha spacing 
of joists was 18 inches instead of 34, the operation would be as fol- 
lows: 



ae Ibi. per square foot x x^^ •• 30 lbs. per lineal foot. 
And 100** *• " X 156—150 



it 



*t 



44. 



■« tais ft. lbs. 



t« 



For 30 lbs. p«r lineal foot, and x8 ft. spnn the 

bending'moment ...... 

Por 138 lbs per lineal foot, and 18 foot span the 

bendingmoment ...... ^6075 

Total bending moment — 7990 " 

This bending moment on the basis of xeeo lbs. fiber strain, 
would call for joists sM' X 15', 3' X 14- or 4* X za', the deepest one 
being the stiff est as well as the most eoonomical in material. 
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MOMENTS OF INERTIA. . 


+ 


. RECTANGLES. 


Depth 

in 
Inches 


Width of Reetii^le in Inches | 


^ 


A 


H 


A 


H 


A 


H 


3 


0.56 


0.70 


0.84 


0.98 


1.13 


1.27 


1.41 


4 


1.33 


1.67 


2.00 


2.33 


2.67 


3.00 


3.33 


5 


2.60 


3.26 


3.91 


4-56 


5.21 


5.86 


6.51 


6 


4.50 


• 5.63 


6.75 


7.88 


. 9.00 


10.13 


11.25 


7 


7.15 


8.93 


10.72 


12.51 


14.29 


16.08 


17 86 


8 


10.67 


13.33 


16.00 


18.67 


21.33 


2400 


26.67 


9 


15.19 


18.98 


22.78 


26.58 


30.38 


34.17 


37.97 


10 


20.83 


26.04 


31.25 


36.46 


41.67 


46.87 


52.08 


12 


36.00 


45.00 


54.00 


63.00 


72.00 


81.00 


90.00 


13 


45.77 


57.21 


68.66 


80.10 


91.54 


102.98 


114.43 


14 


57.17 


71.46 


85.75 


100.04 


114.33 


128.63 


142.92 


15 


70.31 


87.89 


105.47 


123.05 


140.63 


158.20 


175.78 


16 


85.33 


106.67 


128.00 


149.33 


170.67 


192.00 


213.33 


17 


102.35 


127.94 


153.53 


179.12 


204.71 


230.30 


255.89 


18 


121.50 


151.88 


182.25 


212.63 


243.00 


273.38 


303.75 


20 


166.67 


208.33 


250.00 


291.67 


333.33 


375.00 


416.67 


21 


192.94 


241.17 


289.41 


337.64 


385.88 


434.11 


482.34 


22 
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16.2 


2.79 


1.45 


1.84 


9 


7XX 


2^X2 


X 


3.87 


16.3 


4.21 


1.62 


0.80 


10 






$ 


4.37 


17.2 


3.94 


1.76 


0.89 


11 




3 X2)i 


4.37 


17.1 


3.91 


1.70 


1.19 


12 




3jiX2>i 


A 


5.31 


18.6 


3.50 


1.92 


1.90 


13 


7X^ 


2^X2 


3k: 


4.75 


21.8 


4.59 


1.32 


0.72 


14 






5 


5.25 


22.9 


4.36 


1.47 


0.80 


15 




3 X2^ 


5.25 


22.8 


4.34 


1.42 


1.05 


16 




3«X2^ 


% 


6.19 


25.1 


4.05 


1.64 


1.73 


17 


8X)< 


2^X2 


5 


4.62 


25.0 


5.41 


1.95 


0.84 


18 




3 X2)i 


4.62 


24.9 


5.39 


1.89 


1.13 


19 




3^X2>i 


ft 


5.56 


27.0 


4.86 


2.15 


1.82 


20 




4 X3 


6.96 


29.4 


4.22 


2.29 


2.56 


21 


8X>i 


2^X2 


f 


5.62 


33.5 


5.96 


1.60 


0.75 


22 


w "^ 


3 X2^ 


5.62 


33.0 


5.87 


1.56 


0.98 


23 




3>^X2|^ 




6.56 


36.3 


5.53 


1.82 


1.63 


24 




4 X3 


7.96 


39.1 


4.91 


2.01 


2.35 


25 


%y.% 


3 X2>i 


j^ 


4.87 


34.4 


7.06 


2.07 


1.07 


26 




3>^X2^ 




5.81 


37.7 


6.49 


2.36 


1.74 


27 




4 X3 


T^ 


7.21 


40.4 


5.60 


2.56 


2.47 


28 






A 


7.99 


41.6 


5.21 


2.66 


2.60 


1 



30 



ONE PLATE. TWO ANGLES. 

(CONTIKXTBD.) 



No. 



29 
30 
31 
32 

33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 

45 
46 
47 
48 

49 
50 
51 
52 

53 
54 

55 
56 



One Plate, 
Sin in 
Inches 



9X^ 



lOX;^ 



lOX^ 



12X3( 



12X|< 



i*xA 



14X^ 



TWO AN6LIS 



Size in 
Inehei 



3 X2>^ 
3>^X2^ 

4 X3 



3 X2;^ 
3«X2^ 

4 X3 



3 X2^ 
3>iX2^ 

4 X3 



3J^X2>^ 

4 X3 

5 X3 

5 X3}i 

3«X2>^ 

4 X3 

5 X3 

5 X3^ 

4 X3 

5 X3 

5 X3>^ 

3^X2>^ 

4 X3 

5 X3 

5 X3>^ 



Thick- 
ness 



Tetal 
Area, 
Sqnare 
Inches 



6.00 
6.94 
8.34 
9.12 

5.12 
6.06 
7.46 
8.24 

6.37 
7.31 
8.71 
9.49 

6 56 
7.96 
8.72 
9.10 

8.06 

9.46 

10.22 

10.60 

7.94 

9.34 

10.10 

10.48 

8.81 
10.21 
10.97 
11.35 



AXIS A B 



46.0 
50.5 
54.5 
56.2 

46.4 
50.7 
54.1 
57.6 

61.7 
68.0 
73.3 
75.7 

84.6 
90.9 
95.2 
95.2 

112.9 
122.0 
128.6 
128.7 

152.9 
165.5 
173.9 
173.9 

173.4 
188.4 
198.5 
198.5 



7.67 
7.28 
6.53 
6.16 

9.06 
8.37 
7.25 
6.99 

9.69 
9.30 
8.42 
7.98 

12.90 
11.42 
10.92 
10.46 

14.01 
12.90 
12.58 
12.14 

19.26 
17.72 
17.22 
16.59 

19.68 
18.45 
18.10 
17.49 



Eccen- 
tricitj 



1.68 
1.98 
2.21 
2.33 

2.22 
2.56 
2.81 
2.93 

1.79 
2.12 
2.40 
2.54 

?.91 
3.25 
3.48 
3.45 

2.37 
2.74 
2.97 
2.96 

2.85 
3.30 
3.57 
3.57 

2.57 
3.02 
3.28 
3.30 



Axis 
CD 



0.92 
1.54 
2.24 
2.39 

1.02 
1.67 
2.38 
2.52 

0.88 
1.46 
2.15 
2.30 

1.54 
2.24 
3.89 
3.75 

1.33 
1.98 
3.44 
3.34 

1.31 
1.95 
3.43 
3.31 

1.21 
1.83 
3.21 
3.12 



ai 



■ 






A 




B 










ONE PUTE. 




l> 


TWO ANOLES. 




No. 
57 


One Plate, 
Sixein 
laches 


TWO ANflLES 


Total 
Area, 
Sqiare 
Inches 


AXIS A B 


Eccen- 
tricity 


Axis 

CD 

r2 


Siie il 
Indies 


Hick. 

IMIS 


I 


r2. 


15X^ 


3X3 


t 


8.25 


179.9 


21.81 


2.86 


0.82 


58 




4X3 


9.65 


200.9 


20.82 


3.45 


1.89 


59 




5X3 


H 


10.41 


210.8 


20.25 


3.74 


3.32 


60 




5X3^ 


H 


10.79 


211.4 


19.59 


3.75 


3.22 


61 


15X^ 


3X3 


tl 


9.19 


204.3 


22.23 


2.57 


0.77 


62 


9 ^ 


4X3 


10.59 


228.2 


21.55 


3.15 


1.77 


63 




5X3 


H 


11.35 


240.5 


21.19 


3.43 


3.10 


64 




5X3^ 


H 


11.73 


241.1 


20.55 


3.45 


3.02 


65 


l6X^»j 


4X3 


H 


9.96 


240.0 


24.10 


3.60 


1.83 


66 




5X3 


H 


10.72 


253.4 


23.64 


3.89 


3.23 


67 




5X3« 


A 


12.06 


262.1 


21.74 


4.17 


3.36 


68 




6X4 


A 


13.36 


272.4 


20.39 


4.41 


5.13 


69 


16X^ 


4X3 


H 


10.96 


273.2 


24.93 


3.27 


1.71 


70 




5X3 


H 


11.72 


288.4 


24.61 


3.56 


3.00 


71 




6X3>i 


A 


13.06 


299.6 


22.94 


3.85 


3.16 


72 




6X4 


S 


14.36 


312.1 


21.74 


4.10 


4.85 


73 


16X^ 


4X3 


H 


12.96 


334.4 


25.80 


2.76 


1.52 


74 




5X3 


H 


13.72 


352.8 


25.72 


3.04 


2.67 


75 




5X3^ 


yi 


16.00 


379.3 


23.71 


3.55 


3.08 


76 




6X4 


% 


17.50 


396.0 


22.63 


3.81 


4172 


77 


16X>^ 


4X3 


% 


16.50 


421.2 


25.53 


2.82 


1.69 


78 





5X3 


% 


17.50 


443.4 


25.34 


3.11 


2.86 


79 




5X3>i 


H 


19.84 


469.0 


23.64 


3.50 


3.24 


80 




6X4 


H 


21,72 


490.7 


22.59 


3.76 


4.91 


81 


18XA 


4X3 


H 


10.59 


333.9 


31.53 


3.85 


1.73 


82 


A W 


5X3 


H 


11.35 


351.7 


30.99 


4.18 


3.05 


83 


• 


5X3>i 


A 


12.69 


365.3 


28.79 


4.52 


3.19 


84 




6X4 


A 


13.99 


381.2 


27.25 


4.80 


4.90 


1 



92 



ONE PUTE. TWO ANGLES. 

(COHTDfUBD.) 





Om Plate, 
Sim in 
licliei 


TWO mm 


•Mii 

Banire 
Inelm 


Alls A B 


Iccen- 
trieity 


Alb 


No. 


Sinii 
Indies 


TTiiek. 
nen 


I 


r» 


CD 


85 


18X^ 


4 X3 


H 


11.77 


379.4 


32.40 


3.48 


1.60 


86 




5 X3 


H 


12.47 


399.4 


32.03 


3.81 


2.83 


87 
88 


- 


5 X3>^ 

6 X4 


i 


13.81 
16.11 


417.2 
434.7 


30.21 
28.77 


4.15 
4.45 


2.99 
3.48 


89 


18X>i 


4 X3 


% 


15.50 


499.2 


32.21 


3.43 


1.71 


90 




5 X3 


H 


16.50 


526.7 


31.92 


3.75 


2.98 


91 




5 X3^ 


% 


17.00 


527.9 


31.05 


3.81 


2.91 


92 




6 X4 


H 


18.50 


562.5 


29.87 


4.11 


4.47 


93 


ISX^ 


4 X3 


H 


19.21 


617.5 


32.15 


3.37 


1.82 


94 




5 X3 


yi 


20.47 


651.2 


31.81 


3.69 


3.14 


95 




5 X3K 


H 


21.09 


652.8 


30.95 


3.76 


3.04 


96 




6 X4 


H 


22.97 


682.7 


29.72 


4.07 


4.65 


97 


20X^ 


3^X3;^ 


H 


12.46 


496.9 


39.88 


3.58 


1.04 


98 




5 X3^ 


H 


13-60 


537.4 


39.51 


'4.10 


2.60 


99 




6 X4 


H 


14.72 


562.2 


38.19 


4.44 


4.06 


100 


20X^ 


3KX3« 


H 


16.50 


655.6 


39.73 


3.52 


1.13 


101 




5 X3^ 


% 


18.00 


708.6 


39.37 


4.04 


2.74 


102 




6 X4 


yi 


19.50 


741.4 


38.02 


4.39 


4.24 


103 




8 X6 


% 


23.62 


795.9 


33.84 


4.90 


8.04 


104 


20XJ< 


3>iX3>^ 


H 


20.46 


810.8 


39.63 


3.46 


1.22 


105 




5 X3^ 


H 


22.34 


876.5 


39.23 


3.99 


2.87 


106 




6 X4 


H 


24.22 


918.4 


37.92 


4.34 


4.41 


107 




8 X6 


H 


29.38 


984.4 


33.51 


4.87 


8.37 


108 


20X|^ 


3^X3^ 


M* 


24.38 


961.1 


39.42 


3.41 


1.34 


109 




5 X3>i 


^ 


26.62 


1041.0 


39.11 


3.93 


3.05 


110 




6 X4 


^ 


28.88 


1090.0 


37.75 


4.29 


4.63 


111 




8 X6 


X 


34.88 


1168.0 


33.49 


4.79 


8.71 



w 









- 


c 




• 




TWO 


PUTE8 




TWO AN8LE8 


u 


Web Plate 
Siie ii 


Top Plate 
8iM ii 


TWO AXfilLIS 


ToUI 
Area 


AXIS A B 


KfiMB- 


Axis 
CD 












Inehei 


lickei 


Siieti 


iBCfacf 


Sqiare 


I 


r« 


triciij 


r* 


1 










loehft. 










6XX 


7XV 


3X2«XV 


5.87 


14.8 


2.52 


1.98 


2.39 


2 




H 




H 


7.97 


16.5 


2.06 


2.16 


2.34 


3 




H 




% 


10.00 


18.3 


1.83 


2.26 


2.48 


4 


6X^ 


8X^ 


3X2^^X1^ 


7.87 


22.1 


2.81 


2.00 


2.80 


5 




}i 




H 


10.09 


24.2 


2.44 


13.16 


2.95 


6 




H 




% 


12.25 


26.5 


2.17 


2.27 


3.10 


7 


7XX 


7XX 


3X3 


"ft 


7.06 


22.9 


3.24 


2.23 


1.95 


8 




H 




8.60 


25.3 


2.94 


2.41 


2.17 


9 




}i 




a 


10.75 


27.8 


2.59 


2.54 


2.32 


10 


7XH 


8X^ 


3X3 


"ti 


9.19 


33.9 


3.69 


2.22 


2.51 


11 




K 




10.85 


36.8 


3.39 


2.40 


2.75 


12 




H 




a 


13.13 


40.2 


3.06 


2.53 


2.90 


13 


8X^ 


8X>< 


3X3 


"ft 


7.56 


32.8 


4.34 


2.57 


2.28 


14 




H 




9.22 


35.0 


3.90 


2.79 


2.59 


15 




% 




^ 


11.50 


39.3 


3.42 


2.95 


2.78 


16 


ax^ 


9X^ 


3X3 


"ft 


9.94 


48.7 


4.90 


2.55 


3.00 


17 




K 




11.72 


53.1 


4.53 


2.75 


3.33 


18 




H 




}i 


14.13 


57.3 


4.06 


2.91 


3.49 


19 


8XA 


9Xf< 


4X3 


X^ 


11.15 


60 


5.38 


3.08 


3.68 


20 




% 




^ 


13.81 


65.3 


4.73 


3.27 


3.98 


21 




H 




^ 


16.40 


69.3 


4.23 


3.41 


4.19 


22 


9X^ 


lOX^ 


4X3 


xH 


12 09 


70.5 


5.83 


2.98 


4.13 


23 




H 




M 


14.88 


75.7 


5.09 


3.20 


4.49 


24 




H 




?< 


17.59 


80.8 


4.59 


3.35 


4.75 


25 


lox* 


lOX^ 


4X3 


x^ 


11.84 


81.6 


6.89 


3.41 


4.18 


26 




>^ 




j^ 


14.63 


86.9 


5.94 


3.65 


4.53 


27 




M 




H 


17.34 


92.1 


5.31 


3.81 


4.78 


28 


lOX^ 


12XH 


4X3 


x« 


13.21 


96.4 


7.30 


3.35 


5.50 


29 




H 




K 


16.25 


102.8 


6.33 


3.61 


5.98 


30 




H 




>6 


19.21 


109.9 


5.72 


3.78 


6.32 


91 


lOX^ 


12XJ4 


4X3 


xH 


15.96 


127.6 


8.00 


3.28 


5.74 


32 




M 




% 


19.00 


135.8 


7.15 


3.52 


6.13 


33 




^ 




H 


21.96 


143.4 


6.53 


3.70 


6.42 



TWO PUTES. TWO AN6LES. 

(CONTINUBD.) 





WelbPIiie 
Siie is 


Top Plate 
Sim io 


Ho. 




behei 


Inches 

• 


34 


laxA 


12X ^ 


35 




}i 


36 


H 


H 


37 


lax^ 


i«x H 


38 




% 


39 




H 


40 




H 


41 


12X>i 


14X1 


42 




IK 


43 




a 


44 


14X^ 


i«x H 


45 




% 


46 




H 


47 




K 


48 


14X^ 


14X1 


49 




IM 


60 




3 


51 


16X^ 


i«x H 


52 




% 


53 




H 


64 




H 


55 


16X>^ 


I 


56 




i« 


57 




a 


58 


18X^ 


i«x H 


59 




% 


60 




H 


61 




H 


62 


ISX^i 


14X1 


63 




i>i 


64 




8 


65 


18X^ 


14X1 


66 




IK 


67 




2 



Twe mm 



Sin ii IickM 



6X3 x^ 

K 
H 

K 

5X3^X^ 

K 

H 

6X3^Xji 
K 

6X3^X^ 

H 
6X4 X^ 

6X4 X^ 

H 
6X4 X^ 

H 
6X4 XfJ 

6X4 X^ 
>i 



ToUi 

Area 

Sqiire 

Iiekei 



13.97 
17.25 
20.47 

15.85 
19.50 
23.09 
26.62 

26.10 
35.00 
43.84 

17.34 
21.25 
25.10 
28.87 

27.84 
37.00 
46.10 

18.47 
22.50 
26.47 
30.38 

29.22 
38.50 
47.72 

19.22 
23.25 
27.22 
31.13 

30.22 
39.50 
48.72 

32.47 
41.75 
50.97 



AXIS A B 


Eecen- 






I 


r« 


trieitj 
4.17 


139.2 


9.97 


148.3 


8.59 


4.46 


156.8 


7.66 


4.65 


165.3 


10.43 


4.03 


177.3 


9.09 


4.33 


187.4 


8.12 


4.54 


195.6 


7.34 


4.70 


257.9 


9.88 


4.69 


298.3 


8.52 


5.21 


339.1 


7.74 


5.60 


255.9 


14.76 


4.63 


273.7 


12.88 


5.00 


287.7 


11.46 


5.25 


299 


10.36 


5.44 


391.5 


14.06 


5.30 


442.7 


11.96 


5.90 


494.5 


10.73 


6.33 


371.3 


20.11 


5.09 


395.9 


17.60 


5.53 


417.1 


15.76 


5.83 


428.8 


14.12 


6.07 


563.2 


19.28 


5.82 


634.1 


16.50 


6.50 


700.9 


14.69 


6.99 


614.7 


26.78 


5.54 


550.9 


23.70 


6.06 


575.3 


21.15 


6.43 


601.4 


19.30 


6.69 


775.7 


25.67 


6.33 


868.6 


21.99 


7.11 


952.9 


19.56 


7.66 


920.8 


28.36 


5.89 


985.2 


23.60 


6.73 


1134.1 


22.25 


7.33 



Axil 
CD 



6.31 
6.86 
7.24 

7.64 
8.29 
8.76 
9.13 

10.17 
11.21 
11.84 

8.39 

913 

9.68 

10.11 

10.43 
11.49 
12.16 

7.88 
8.64 
9.18 
9.62 

9.94 
11.05 
11.75 

7.57 
8.36 
8.92 
9.38 

9.61 
10.77 
11.51 

9.01 
10.26 
11.07 



n 





TNREE PLATES. A -^—j— M-B TWO AMBLES. 

I 6 1 




Two Web 
Plates, 
Sin in 


Top 
Plate, 
Siieia 


TWO ANfiLEi 


Skjure 


Alls A. B. 


Eccea- 
trkitv 


Axis 


Dis- 

iaace 

Betw'a 


No. 


Siiein 


Tkkk. 


I 


T* 


CD. 
••2 


1 


Inekei 


Inches 


ladies 


less 

A 


laches 




• 


2.39 


»■• 


Well 


9XX 


12XX 


2^X2>^ 


10.44 


78.3 


7.50 


12.3 


6.0^ 


2 




12XA 




Jk w 


11.19 


82.3 


7.36 


2.55 


12.3 




3 


9XA 


A V 






12.32 


96.5 


7.84 


2.31 


12.3 




4 


A w 


12X^ 




>^ 


13.59 


102.0 


7.51 


2.51 


12.5 




5 


9XH 


^ " 




^ ^^ 


14.71 


116.1 


7.89 


2.31 


12.5 




6 


* ^^ 


12X^^ 




A 


16.00 


121.8 


7.61 


2.48 


12.7 




7 


^^^ 


Jk V 




A V 


17.13 


135.9 


7.94 


2.32 


12.7 




8 


m V 


12x>i 




K 


18.38 


141.7 


7.71 


2.45 


12.9 




9 


9X>^ 


^ ^ 






19,50 


155.7 


7.98 


2.31 


13.0 




10 


lOXJ/ 


12x5^ 


2^X2^ 


A 


10.94 


104.4 


9.54 


2.55 


12.2 




11 


^ ■ 


12X^ 




A V 


11.69 


109.6 


9.38 


2.73 


12.2 




12 


lOX^, 


A u 






12.94 


128.4 


9.92 


2.46 


12.2 




13 


A w 


12X^ 




H 


14.21 


135.7 


.9.55 


2.68 


12.4 




14 


lOXJ^ 


* "^ 




^ " 


15.46 


154.3 


9.98 


2.46 


12.4 




15 


w ■* 


12Xt^ 




A 


16.75 


162.0 


9.68 


2.64 


12.6 




16 


10X3^ 
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521. 


19.9 
20.2 
20.5 


7.8 
7.8 


459. 
532. 


54 


12X}i 


3^X2^ 


H 


28.44 


557. 


19.6 


7.8 


566. 


55 
56 
57 
58 


1*XA 


3^X3^ 


1 


17.11 
18.67 
20.23 
21.75 


455. 
510. 
564. 
616. 


26.6 
27.3 
27.9 
28.3 


9.4 
9.4 


461. 
626. 


59 
60 
61 
62 


14X^ 


3>^X3>^ 




20.42 
21.98 
23.50 
26.42 


539. 
592. 
645. 
743. 


36.4 
26.9 
27.4 
28.1 


9.4 
9.3 


549. 
753. 


63 
64 
65 


14X)^ 


3}iX3yi 


t 


27.00 
28.48 
29 92 


702. 
752. 
800. 


26.0 
26.4 
26.7 


9.3 

9.3 


710. 
815. 



43 



1 


? r 


TWO PUTES. A- 


1 


B FOUB ANGLES. 


J 


bL 


Ho. 

66 


Two Web 
Plates, 
Sizeii 
Inches 


FOUR AN0L8S 


Total 
Area, 
Sqnare 
Inches 


Alls i 6. 


AliS C. D. 1 


Siie ii 
inches 


Thick- 
ney 


I 


r* 


Ontto 

Out of 

Webs 


I 


l^^H 


Zj^XZji 


yi 


33.42 


857. 


25.7 


9.2 


857. 


67 


UXU 


3^X3>^ 


% 


34.00 


816. 


24.0 


9.3 


822. 


68 






Is 


35. 4a 


866. 


24.4 






69 






36.92 


914-. 


24.8 


9.3 


927. 


70 


I^XA 


4 X3 


A 


17.11 


475. 


27.8 


9.2 


482. 


71 


A V 




H 


18.67 


534. 


28.6 






72 






A 


20.23 


593. 


29.3 






73 






H 


21.75 


648. 


29.8 


9.2 


650. 


74 


14X^ 


4 X3 


H 


20.42 


563. 


27.6 


9.2 


563. 


75 






A 


21.98 


622. 


28.3 






76 






}i 


23.50 


676. 


28.8 






77 






H 


26.42 


781. 


29.6 


9.2 


796. 


78 


14X^ 


4 X3 


H 


27.00 


733. 


27.2 


9.2 


742. 


79 




• 


ti 


28.48 


787. 


27.6 




• 


80 






29.92 


838. 


28.0 


9.1 


841. 


81 


14Xf^ 


4 X3 


H 


33.42 


896. 


26.8 


9.1 


897. 


82 


UX% 


4 X3 


% 


34.00 


848. 


24.9 


9.2 


852. 


83 






Ii 


35.48 


901. 


25.4 






84 






36.92 


953. 


25.8 


9.2 


966. 


85 


15XA 


3^X3>4 


ft 


17.74 


540. 


30.4 


10.2 


549. 


86 






19.30 


605. 


31.4 






87 






A 


20.86 


668. 


32.0 






88 






« 


22.38 


729. 


32.6 


10.2 


737. 


89 


15X^ 


3^X3^ 


^ 


21.17 


640. 


30.2 


10.1 


642. 


90 






A 


22.73 


703. 


30.9 






91 






>i 


24.25 


765. 


31.5 






92 






yi 


27.17 


880. 


32.4 


10.1 


885. 


93 


15X>^ 


3>iX3^ 


% 


28.00 


835. 


29.8 


10.1 


846. 


94 






s 


29 48 


894. 


30.3 






95 






30.92 


951. 


30.7 


10.1 


965. 


1 
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TWO PLATES. 


FOUR ANGLES, (contixubd.) 


No. 

96 


Two W«b 

Size in 
Inebei 


FOUR ANfiLES 


Total 
Aret, 
Snare 
hehes 


Alls A. B. 


AXIS C. D. 1 


Size ii 
Inekei 


Thick- 
len 


I 


X^ 


OotU 
Oitof 
Webs 


I 


15X^ 


3>4X3K 


34.67 


1021. 


29.4 


10.0 


1023. 


97 
98 
99 


16X^ 


3>iX3>^ 


Ii 


35.50 
36.98 
38.42 


976. 
1035. 
1091. 


27 5 
28.0 
28.4 


10.1 
10.1 


992. 
1111. 


100 
101 
102 


16XJ^ 


3«X3>i 




39.25 
40.73 
42.17 


1046. 
1105. 
1162. 


26.6 
27.1 
27.5 


10.1 
10.1 


1059. 
1179. 


103 
104 
105 
106 


15XA 


4 X3 


t 
§ 


17.74 
Id. 30 
20.86 
22.38 


562. 
631. 
700. 
764. 


31.7 
32.7 
33.5 
34.1 


10.1 
10.1 


571. 
774. 


107 
108 
109 
110 


15X^ 


4 X3 


H 


21.17 
22.7-3 
24.26 
27.17 


667. 
735. 
799. 
922. 


31.5 
32.3 
33.0 
33.9 


10.0. 
10.0 


€68. 
931. 


111 
112 
113 


16X^ 


4 X3 


5 


28.00 
29.48 
30.92 


869. 
932. 
993. 


31.1 
31.6 
32.1 


10.0 
10.0 


880. 
1009. 


114 


15X>^ 


4 X3 


H 


34.67 


1063. 


30.7 


9.9 


1064. 


115 
116 
117 


15X^ 


4 X3 


ft 


3B.50 
36.98 
38.42 


1010. 
1073. 
1133. 


28.5 
29.0 
29.5 


10.0 
10.0 


1022. 
1151. 


118 
119 
120 


15XJJ^ 


4 X3 


Ii 


39.25 
40.73 
42.17 


1080. 
1143. 
1203. 


27.5 
28.1 
28.5 


10.0 
10.0 


1089. 
1218. 


121 
122 
123 
124 


16X^ 


3^X3^ 


H 


21.92 
23.48 
25.00 
27.92 


752. 

825. 

897. 

1031. 


34.3 
35.1 
35.9 
36.9 


10.9 
10.9 


758. 
1032. 


125 
126 
127 


16X>^ 


3^X3^^ 




29.00 
30.48 
31.92 


982. 
1051. 
1117. 


33.9 
34.5 
35.0 


10.9 

. 

10.9 


998. 
1133. 


128 


16X^ 


3^X3^ 


H 


35.92 


1200. 


33.5 


10.8 


1210. 


129 
130 
131 


16X^ 


3>iX3>i 


ft 


37.00 
38.48 
39.92 


1155. 
1220. 
1285. 


31.2 
31.7 
32.2 


10.8 
10.8 


1165. 
1295. 


132 
133 
134 


16X^ 


zyixzy^ 


ft 


41.00 
42.48 
43.92 


1240. 
1305. 
1375. 


30.2 
30.8 
31.3 


10.8 
10.8 


1250. 
1380. 
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TWO PUTES. 



3 



t- 



FOUR ANQLES. 





Two Web 


No. 


PUtM, 

Sin io 




InchM 


135 


16X1 


136 




137 




138 
139 


16X^ 


140 




141 




142 
143 


16X^ 


144 




145 


16X>^ 


146 


16X.^ 


147 




148 




149 


ISX^ 


150 




151 




152 


16X1 


153 




154 




155 


18X^ 


156 




157 




158 




159 


18X>^ 


160 




161 





FOUR Amis 



SJM in 
Inchoi 



3>iX3^ 



4 X3 



4 X3 



4 X3 
4 X3 



4 X3 



4 X3 



3KX3>^ 



3>^X3^ 



Thick- 
ness 



ti 



H 

ti 



1i 

ii 

h 

9 



Total 
Aren, 
Sqntre 
Inches 



AXIS A. B. 



45.00 
46.48 
47.92 

21.92 
23.48 
25.00 
27.92 

29.00 
30.48 
31.92 

35.92 

37.00 
38.48 
39.92 

41.00 
42.48 
43.92 

45.00 
46.48 
47.92 

23.42 
24.98 
26.50 
29.42 

31.00 
32.48 
33.92 



AXIS G. D. 



I 


r» 


Ontto 
Ontof 
Webs 


1325. 
1390. 
1460. 


29.4 
30.0 
30.4 


10.8 
10.8 


780. 

860. 

935. 

1075. 


35.6 
36.6 
37.4 
38.6 


10.8 
10.8 


1020. 
1090. 
1160. 


35.1 
35.8 
36.4 


10.8 
10.8 


1245. 


34.7 


10.7 


1190. 
1265. 
1335. 


32.2 
32.8 
33.4 


10.7 
10.7 


1275. 
1350. 
1420. 


31.1 
31.7 
32.3 


10.7 
10.7 


1360. 
1435. 
1505. 


30.2 
30.8 
31.4 


10.8 
10.8 


1010. 
1105. 
1200. 
1375. 


43.1 
44.2 
45.2 
46.8 


12.4 
12.6 


1320. 
1410. 
1495. 


42.6 

43 4 
44.1 


12.4 
12.4 



1330. 

1460. 

785. 

1080. 
1035. 
1180. 
1250. 
1195. 
1335. 
1275. 
1420. 
1380. 
1525. 
1015. 

1395. 
1335. 
1505. 
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TWO PUTE8. FOUR ANGLES. 

(CONTZNUBD.) 


162 


Two Web 
. PlatM, 
Siieii 
Inches 


FOUR mm 


ToUl 
Area, 
Square 
Inches 


AXIS A. B. 


AXISC 


J. D. 


Siie ii 
iBchei 

* 


nici- 

ness 


I 


r* 


Ont to 
Ontof 
Webs 


I 


18X^ 


3>iX3>i 


H 


38.42 


1620. 


42.1 


12.3 


1620. 


163 
164 
165 


18Xy 


3^X3 }i 




40.00 
41.48 
42.92 


1565. 
1655. 
1740. 


39.1 
39.9 
40.5 


12.2 
12.3 


1565. 
1755. 


166 
167 
168 


18X1 


3^X3^ 


is 


49.00 
50.48 
51.92 


1805. 
1895. 
1985. 


36.9 
37.6 
38.2 


12.2 
12.3 


1815. 
2005. 


169 
170 
171 
172 


18X^ 


6 X3>i 


t 

% 
H 


25.70 
27.62 
29.50 
33.18 


1185. 
1310. 
1430. 
1660. 


46.1 
47.4 
48.4 
50.0 


12.0 
12.0 


1195. 
1670. 


173 
174 
175 


l8X>i 


5 X3>i 




34.00 
35.88 
37.68 


1550. 
1670. 
1780. 


45.6 
46.5 
47.3 


11.9 

11.9 


1550. 

1785. 


176 


18X>^ 


5 X3^ 


M 


42.18 


1900. 


45.1 


11.9 


1915. 


177 
178 
179 


18X^ 


5 X3>^ 




43.00 
44.88 
46.68 


1790. 
1910. 
2025. 


41.7 
42.6 
43.3 


11.9 
11.9 


1805. 
2040. 


180 
181 
182 


18X1 


5 X3^ 




52.00 
53.88 
55.68 


2035. 
2155. 
2265. 


39.1 
40.0 
40.7 


11.9 
11.9 


2040. 
2270. 


183 
184 
185 
186 


21X^ 


4 X4 


H 

H 


27.19 
28.99 
30.75 
34.19 


1600. 
1755. 
1905. 
2190. 


58.8 
60.5 
61.9 
64.1 


14.5 
14.7 


1610. 
2190. 


187 
188 
189 


21X>^ 


4 X4 


% 

A 
^ 


36.00 
37.72 
39.44 


2095. 
2240. 
2385. 


58.3 
59.4 
60.4 


14.5 
,14.6 


2120. 
2415. 


190 


21X^ 


4 X4 


H 


44.69 


2575. 


57.6 


14.4 


2585. 


191 
192 
193 


21X^ 


4 X4 


i 


46.50 
48.22 
49.94 


2485. 
2625. 
2770. 


53.4 
54.4 
55.5 


14.3 
14.4 


2510. 
2805. 


194 
195 
196 


21X1 


4 X4 




57.00 
58.72 
60.44 


2870. 
3010. 
3155. 


50.3 
51.3 
52.2 


14.2 
14.3 


2885. 
3180. 
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TWO PUTE8. 



= r 

|..|.B FOUR ANGLES. 

6 L 



Ka. 



197 
198 
199 

200 
201 
202 

203 
204 

205 

206 

f 207 
; 208 

209 

210 

211 
212 

213 

214 
215 

216 
217 
218 

219 
220 
221 

222 
223 
224 

225 



Two Web 

PlAt«8, 

Siiein 
Inches 



21X1^ 
21X1^ 

24X yi 

24X yi 
24X ^ 

24X1 

24X1^ 

24xl>i 
27X ^ 
27X ^ 



FOUR AMIS 



Siie ii 
Inchei 



X 



Thkk- 






S 

9 

a 

H 
H 



H 



t 



% 



M 



Total 
Area, 
Squre 
IneliM 



67.50 
69.22 
70.94 

78.00 
79,72 
81.44 

36.00 
37.72 
39.44 

39.00 
40.72 
42.44 

46.44 

51.00 
52.72 
54.44 

63.00 
64.72 
66.44 

75.00 
76.72 
78.44 

87.00 
88.72 
90.44 

42.00 
43.72 
45.44 

52.19 

48 



AXIS A. B. 



3255. 
3395. 
3540. 

3640. 
3785. 
3925. 

2785. 
2980. 
3175. 

2930. 
3125. 
3320. 

3605. 

3505. 
3700. 
3895. 

4080. 
4275. 
4470. 

4660. 
4850. 
5045. 

5235. 
5425. 
5620. 

3940. 
4190. 
4445 

4855. 



48.2 
49.1 
49.9 

46.7 
47.5 
48.2 

77.4 
79.0 
80.5 

75.1 
76.7 
78.2 

77.4 

66.8 
70.2 
71.5 

64.8 
66.1 
67.3 

62.1 
63.2 
64.3 

60.2 
61.2 
62.2 

93.8 
95.8 
97.8 

93.0 



AXIS C. D. 



Ontto 
Oitof 
Webs 



14.2 

14.3 
14.3 

14.4 
16.8 

16.9 
16.7 

16.8 
16.6 
16.4 

16.5 
16.2 

16.4 
16.2 

16.3 
16.3 

16.4 
18.8 

19.0 

18.8 



3255. 

3560. 
3655. 

3970. 
2805. 

3175. 
2960. 

3330. 
3615. 
3545. 

3915. 
4090. 

4515. 
4670. 

5050. 
5285. 

5675. 
3960. 

4460. 
4900. 








TWO 


PUTES. FOUR ANGLES. 

(CONTIXfUBD.) 






No: 

226 


TwftWab 
PlatM, 
Site in 
ladiM 


POUR ANGLES 


Total 
Area, 
Sqnre 

ll€kM 


AXIS A. B. 


Alls 0. D. 1 


Siiein 
laekei 


Iliiek- 


I 


r« 


Ditto 
Oat of 
Webs 


I 


27X ^ 


4X4 


H 


55.50 


4760. 


85.8 


18.4 


4790. 


227 






§ 


57.22 


5010. 


87.6 






228 






58.94 


5265. 


89.3 


18.6 


5295. 


229 


27X1 


4X4 


H 


69.00 


5580. 


80.9 


18.2 


5605. 


230 






ft 


70.72 


6830. 


82.4 






231 






72.44 


6085.. 


84.0 


18.4 


6125. 


232 


27X1X 


4X4 


H 


85.94 


6905. 


60.3 


18;3 


6920. 


233 


27X1)^ 


4x4 


H 


99.44 


7725. 


77.7 


18.3 


7745. 


234 


27X )i 


6X6 


% 


50.00 


4935. 


98.7 


18.4 


4965. 


236 






H 


55.44 


5675. 


102.4 






236 






M 


60.76 


6390. 


105.2 






237 






H 


65.96 


7080. 


107.4 


18.5 


7090. 


238 


27X }i 


6X6 


H 


62.19 


6085. 


97.9 


18.3 


6100. 


239 






H 


67.51 


6800. 


11)0.7 


# 




240 






n 


72.71 


7495. 


103.1 




■ 


241 






1 


77.75 


8155. 


104.9 


18.4 


8190. 


242 


27X j( 


6X6 


H 


68.94 


6495. 


94.2 


18.2 


6515. 


243 






H 


74.26 


7210. 


97.1 






244 






H 


79.46 


7905. 


99.5 






245 


• 




1 


84.50 


8565. 


101.3 


18.3 


8595. 


246 


27X 3P< 


6X6 


H 


75.69 


6905. 


91.3 


18.1 


6910. 


247 






H 


81.01 


7620. 


94.1 






248 






}i 


86.21 


8315. 


96.4 






249 






1 


91.26 


8975. 


98:3 


16.3 


9065. 


250 


27X1 


6X« 


a 


82.<4 


7315. 


88.8 


18.1 


7356. 


251 






H 


87.76 


8030. 


, 91.5 






252 






H 


92.96 


8725. 


93.8 






253 




1 


1 


98.00 


9365. 


. 95.8 


18.2 


9425. 


254 


27X1^ 


6X6 


H 


95.94 


8135. 


84.8 


18.1 


8195. 


256 




1 


m: 


101.26 


8850. 


87.4 






256 






H 


106.46 


9545. 


89.6 






257 






1 


111.50 


10205. 


91.5 


18.2 


10280. 


256 


27X1>^. 


6X6 


H 


10^.44 


8955. 


81.8 


18.1 


8995. 


259 






H 


114.76 


9670. 


84.3 






260 






H 


119.96 


10365. 


66.4 






261 






1 


125.00 


11025. 


88.2 


18.2 


11090. 
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FOUR PLATES. 




FOUR ANGLES. 





Two Web 
PlaUi, 


Two Side 
Plates, 


FOUR ANCILES 


Total 
Area, 


AXlSi 


u B* 


OnttoOnt 


No. 










of Webs 


Size in 


Sim ii 


Siieia 


nick- 


Sqiare 


I 


f.2 


for 




laches 


lachei 


hckei 


nit 


Uebei 


i 


Equal I 


1 


18XK 


lO^x^ 


3«X3>^ 


38.88 


1392 


35.8 


11.3 


2 




>^ 






41.50 


1417 


34.1 




3 


H 


H 






43.38 


1514 


34.9 




4 




>i 






46.00 


1538 


33.4 




5 




H 




n 


51.55 


1739 


33.7 


11.0 


6 


18X^ 


lO^X^ 


3^X3>^ 


% 


47.88 


1635 


34.1 


11.4 


7 




>i 






50.50 


1660 


32.9 




8 


■ 


H 






53.13 


1684 


31.7 




9 




H 




H 


50.80 


1812 


35.7 




10 




% 






53.42 


1836 


34.4 




11 




H 






56.05 


1861 


33.2 


11.0 


12 


21X>i 


12KXH 


4X4 


% 


45.38 


2219 


48.9 


13.2 


13 




H 






48.50 


2260 


46.6 




14 




H 




% 


48.82 


2506 


51.3 




15 










51.94 


2546 


49.0 




16 




H 






55.07 


2587 


47.0 


12.8 


17 


21X>i 


12>iX^ 


4X4 


% 


50.63 


2412 


47.6 


13.2 


18 


# ^ 


}^ 




f 


53.75 


2453 


45.6 




19 




H 






56.88 


2493 


43. » 




20 




H 




^ 


54.07 


2699 


49.9 




21 




% 






57.19 


2739 


47.9 




22 




H 


* 




60.32 


2780 


46.1 


12.8 


23 


21X^ 


i2}^yy^ 


4X4 


'A 


55.88 


2605 


46.6 


13.3 


24 




H 






59.00 


2646 


44.8 




25 




H 






62.13 


2686 


43.2 




26 




H 






65.25 


2727 


41.8 




27 




H 




H 


59.32 


2892 


48.8 





50 



FOUR PUTE8. 


FOUR ANGLES. 




(CONTnrUBD.) 

• 






Ro. 

28 
29 
30 


Two Web 

PlAtM, 

Siuin 
laches 


Two Side 
PUtes, 
Siie in 
Inehei 


rOUR ANGLES 


Total 
Area, 
Sfure 
Inches 


AXIS A. B. 


Out io Ont 
of Webs 

for 
Eqnail 


iiu in 
Inches 


Thick. 
nesi 

H 


I 


47.0 
45.3 
43.9 


21X|< 


12;4X^ 

H 


4X4 


62.44 
65.57 
68.69 


2932 
2973 
3014 


12.6 


31 
32 
33 


21X^ 




4X4 


H 


67.69 
70.82 
73.94 


3125 
3166 
3206 


46.2 
44.7 
43.4 


13.1 


34 
35 
36 
37 


21X1 


12^X>^ 

H 


4X4 




69.50 
72.63 
72.94 
76.07 


3032 
3072 
3318 
3359 


43.6 
42.3 
45.5 
44.2 


13.0 


38 
39 
40 


24X^ 


15)4X^ 


4X4 


H 


50.63 
54.50 
61.82 


3163 
3241 
3706 


62.5 
59.5 
60.0 


15.1 


41 
42 
43 
44 
45 


24X^ 


15>^X^ 

H 
H 


4X4 




56.63 
60.50 
64.38 
63.94 
67.82 


3451 
3529 
3606 
3916 
3994 


60.9 
58.3 
56.0 
61.2 
58.9 


15.1 
14.7 


46 
47 

48 
49 


2^X}i 




. 4X4 




62.63 
66.50 
70.38 
66.07 


3739 
3817 
3894 
4126 


59.7 
57.4 
55.3 
62.5 


15.2 


50 
61 


24X^ 




4X4 


1 


69.94 
73.82 


4204 
4282 


60.1 
58.0 


14.8 


52 
53 

54 


24X^ 


15>^XjJ^ 

H 


4X4 




72.50 
76.38 
75.94 


4105 
418^ 
4492 


56.6 
54.8 
59.2 


14.9 





5« 






TiroW«k 


Two Side 


FOUR mm 


Tot«l 


AXIS i B. 


Out to Oat 




PlitN, 
Sinia 


FlatM, 
Siieia 






Area, 

8^are 






of Webi 


No. 


Size in 


Thick. 


^p 


A 


for 




ladbM 


Incheg 


inehei 


H 


JDches 


I 


r» 


KqaalX 


55 


24X ^ 


^^H?^H 


4X4 


79.82 


4570 


57.3 




56 




H 




w ^ 


83.69 


4647 


55.5 


14.5 


57 


24X1 


15«X>i 


4X4 


% 


78.50 


4393 


56.0 


14.9 


58 




H 




w ^ 


82.38 


4470 


54.3 




59 




% 




yk 


81.94 


4780 


58.3 




60 




H 




w ^^ 


85.82 


4858 


56.6* 




61 








% 


85.26 


5150 


60.4 




62 




H 




w^W 


89.14 


5228 


58.7 




63 










93.01 


5305 


57.0 


14.8 


64 


24X1 jK 


15^X3^ 


4X4 


H 


93.94 


&356 


57.0 




65 




H 




w " 


97.82 


5434 


55.5 




66 


27X }i 


18«XH 




K 


55.88 


4335 


77.6 


17.1 


67 




% 




w ^ 


60.50 


4467 


73.8 




68 




H 




H 


59.32 


i839 


81.6 




69 




% 




w 


63.94 


4971 


77.7 


16,9- 


70 


27X U 


i»^x^ 


4X4 


% 


62.63 


4745 


75.8 


17.0 


71 




% 




w ^ 


67.25 


4877 


72.5 




72 




H 




% 


66.07 


5249 


79.4 




73 




H 




W *" 


70.69 


5381 


76.1 




74 




H 






75.32 


5513 


73.2 


16.5 


75 


27X % 


izyixyi 


4X4 


% 


74.00 


5287 


71.4 


16.7 


76 




% 




H 


77.44 


5791 


74.8 




77 




H 




w ^ 


82.07 


5923 


72.2. 


1 


78 


H 






% 


80.75 


5697 


70.5 


16.7 


79 




H 




H 


88.82 


6333 


71.3 




80 


27X1 


18>^X« 


4X4 


H 


95.57 


6743 


70.6 


16.6 


81 


1^ 








109.07 


7563 


69.3 


16 8 



52 





• 


TT 


c 
• I T 








THREE 


Ajl 


44-.. 


Z BEAMS. 






JL 


D 






1 


TWO 6KAHS 


ONE BEAM 


Total 

Area, 

Sq.Ins. 




Denth 
in Ins. 


Lbs. 
perft 


Area in 
Sq. Ins. 


De]»tli in 
Inches 


Lbs. 
per Ft. 


Area in 
Sq. Ins. 


I 


r« 


9 


21.0 


12.62 


7 


15.0 


4.42 


17.04 


172.5 


10 12 


2 








8 


18.0 


5.33 


17.95 


173.6 


9.67 


3 








9 


21.0 


6.31 


18.93 


175.0 


9.25 


'4 








10 


25.0 


7.37 


19.99 


176.7 


8.84 


6 


10 


25.0 


14.74 


8 


18.0 


5.33 


20.07 


248.0 


12.36 


6 








9 


21.0 


6.31 


21.05 


249.4 


11.85 


7 








10 


35.0 


7.37 


22.11 


251.1 


11.36 


8 








12 


31.5 


9.26 


24.00 


253.7 


10.57 


9 


12 


31.5 


18.52 


9 


21.0 


6.31 


24.83 


436.8 


17.59 


10 








10 


25.0 


7.37 


25.89 


438.5 


16.94 


11 








12 


31.5 


9.26 


27.78 


441.1 


15.88 


12 








15 


42.0 


12.48 


31.00 


446.2 


14.39 


13 


16 


42.0 


24.96 


9 


21.0 


6.31 


31.27 


637.5 


20.39 


14 








10 


25.0 


7.37 


32.33 


798.4 


24.70 


15 








12 


31.5 


9.26 


34.22 


892.9 


26.09 


16 








15 


42.0 


12.48 


37.44 


898.0 


23.98 


17 


18 


55.0 


31.86 


10 


25.0 


7.37 


39.23 


993.5* 


25.33* 


18 








12 


31.5 


9.26 


41.12 


1452. ♦ 


35.31* 


19 








15 


42.0 


12.48 


44.34 


1606. 


36.22 


20 








18 


55.0 


15.93 


47.79 


1612. 


33.73 


21 


20 


65.0 


38.16 


12 


31.5 


9.26 


47.42 


1706. * 


35.97* 


22 








15 


42.0 


12.48 


50.64 


2354. 


46.49 


23 








18 


55.0 


15.93 


54.09 


2360. 


43.64 


24 








20 


65.0 


19.08 


57.24 


2367. 


41.36 


25 


24 


80.0 


46.64 


12 


31.5 


9.26 


55.90 


2038. ♦ 


36.46» 


26 


, 






15 


42.0 


12.48 


59.12 


3243. ♦ 


54.86* 


27 








18 


55.0 


15.93 


62.57 


4197. 


67.08 


28 








20 


65.0 


19.08 


65.72 


4204. 


63.98 


29 








24 


80.0 


23.32 


69.96 


4219. 


60.31 




* These values are a 


bout Axis 


C. D. ; all others 


are aboul 


t Axis A. B. 1 



53 



TWO CHANNELS a« 


w 


-B ONE Z BEAM. 






« 


JTl 


ft 




No. 

1 


TWO CHANNELS 


ONE X BEAl 


Total 
Area, 
Square 
Inches 


Alls L B. 


AXIS e. D. 


Depth in 
laehes 


Lk per 
Foot 


Depth ii 
Inches 


Lbs. per 
Foot 


I 


r2 


I 


r2 


6 


8.0 


4 


7.5 


6.97 


26.8 


3.84 


37.6 


5.40 


2 






5 


9.75 


7.63 


27.2 


3.57 


56.8 


7.44 


3 






6 


12.25 


8.37 


27.9 


3.33 


82.1 


9.81 


4 






7 


15.0 


9.18 


28.7 


3.12 


114.4 


12.5 


5 






8 


18.0 


10.09 


29.8 


2.95 


155.4 


15.4 


6 


6 


15.5 


4 


7.5 


11.33 


39.8 


3.51 


67.7 


5.98 


7 






5 


9.75 


11.99 


40.2 


3.36 


99.3 


8.28 


8 






6 


12.25 


12.73 


40.9 


3.21 


139.0 


10.9 


9 






7 


15.0 


13 54 


41.7 


3.08 


188.1 


13.9 


10 






8 


18.0 


14.45 


42.8 


2.96 


247.9 


17.2 


11 


7 


9.75 


5 


9.75 


8.57 


43.4 


5.07 


66.9 


7.81 


12 






6 


12.25 


9.31 


44.1 


4.73 


95.4 


10.2 


13 






7 


15.0 


10.12 


44.9 


4.43 


131.5 


13.0 


14 






8 


18.0 


11.03 


46.0 


4.17 


176.6 


16.0 


15 






9 


21.0 


12.01 


47 4 


3.94' 


232.0 


19.3 


16 


7 


12.25 


5 


9.75 


10.07 


49.6 


4.93 


80.5 


7.99 


17 






6 


12.25 


10.81 


50.3 


4.65 


113.8 


10.5 


18 






7 


15.0 


11.62 


51.1 


4.39 


155.4 


13.4 


19 






8 


18.0 


12.53 


52.2 


4.16 


206.9 


16.5 


20 






9 


21.0 


13.51 


53.6 


3.96 


269.3 


19.9 


21 


7 


14.75 


5 


9.75 


11.55 


55.6 


4.82 


94.9 


8.22 


22 






6 


12.25 


12.29 


56.3 


4.58 


133.1 


10.8 


23 






7 


15.0 


13.10 


57.1 


4.36 


180.3 


13.8 


24 






8 


18.0 


14.01 


58.2 


4.15 


238.2 


17.0 


25 




■ 


9 


21.0 


14.99 


59.6 


3.97 


307.8 


20.5 


26 


7 


19.75 


5 


9.75 


14.49 


67.6 


4.67 


126.2 


8.71 


27 






' 6 


12.25 


15.23 


68.3 


4.48 


174.7 


11.5 


28 






7 


15.0 


16.04 


69.1 


4.31 


233.6 


14.6 


29 






8 


18.0 


16.95 


70.2 


4.14 


304.7 


18.0 


30 






9 


21.0 


17.93 


71.6 


3.99 


388.8 


21.7 


1 



54 



TWO CNANNEL8. 0NE Z BEAM. 








(COITTINUBD.) 








No. 

31 


TWO CBANSELS 


OHl Z BfiAH 


Total 
Area, 
Sqaare 
Inches 


Alls A. B. 


AXIS G. D. 


Dfpth in 
Inches 


Lbs. per 

Foot 


Depth in 
Inches 


Lbs. per 
Foot 


I 


r» 


I 


r2 


8 


11.25 


6 


12.25 


10.31 


66.5 


6.45 


110.1 


10.7 


32 






7 


15.0 


11.12 


67.3 


6.05 


150.2 


13.5 


33 






8 


18.0 


12.03 


68.4 


5.68 


199.9 


16.6 


34 






9 


21.0 


13.01 


69.8 


5.36 


260.2 


20.0 


35 






10 


25.0 


14.07 


71.5 


5.08 


333.1 


23 7 


36 


b 


13.75 


6 


12.25 


11.69 


73.9 


6.32 


127.1 


10-9 


37 






7 


15.0 


12.50 


74.7 


5.97 


172.3 


13.8 


38 






8 


18.0 


13.41 


75.8 


5.65 


227.8 


17.0 


39 






9 


21.0 


14.39 


77.2 


5.36 


294.7 


20.5 


40 






10 


25.0 


15.45 


78.9 


5.11 


374.7 


24.3 


41 


8 


16.25 


6 


12.25 


13.17 


81.7 


6.20 


146.2 


11.1 


42 






7 


15.0 


13.98 


82.5 


5.90 


197.0 


14.1 


43 






8 


18.0 


14.89 


83.6 


5.61 


258.9 


17.4 


44 






9 


21.0 


15.87 


85.0 


5.35 


332.9 


21.0 


45 






10 


25.0 


16.93 


8e.7 


5.12 


420.8 


24.9 


46 


8 


21.25 


6 


12.25 


16.11 


97.5 


6.05 


187.1 


11.6 


47 






7 


15.0 


16.92 


98.3 


5.81 


249.6 


14.7 


48 






8 


18.0 


17.83 


99 4 


5.57 


324.4 


18.2 


49 






9 


21.0 


18.81 


100.8 


5.36 


412.9 


22.0 


50 






10 


25.0 


19.87 


102.5 


5.16 


516.8 


26.0 


61 


9 


13.25 


6 


12.25 


11.39 


96.5 


8.47 


126.6 


11.1 


52 






7 


15.0 


12.20 


97.3 


7.97 


171.0 


14.0 


53 






8 


18.0 


13.11 


98.4 


7.50 


225.6 


17.2 


64 






9 


21.0 


14.09 


99.8 


7.08 


291.4 


20.7 


55 






10 


25.0 


15.15 


101.5 


6.70 


370.2 


24.4 


56 


9 


15.0 


6 


12.25 


12.43 


103.7 


8.34 


139.4 


11.2 


57 






7 


15.0 


13.24 


104.5 


7.89 


187.7 


14.2 


68 






8 


18.0 


14.15 


105.6 


7 46 


246.6 


17.4 


59 






9 


21.0 


15.13 


107.0 


7.07 


317.3 


21.0 


60 






10 


25.0 


16.19 


108.7 


6.71 


401.6 


24.8 


1 



55 



TWO CHANNELS A 




B ONE Z BEAM, 



Ro. 



61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 

85 

86 
87 
88 
89 
90 



TWO CHANNELS 



Depth in 
Inches 



10 



10 



10 



12 



12 



Lbs. per 
Foot 



25.0 



15.0 



20.0 



35.0 



20.5 



25.0 



ONE X BSAM 


Depth in 


Lbs. per 


Inches 


Foot 


6 


12.25 


7 


15.0 


8 


18.0 


9 


21.0 


10 


25.0 


6 


12.25 


7 


15.0 


8 


18.0 


9 


21.0 


10 


25.0 


6 


12-25 


7 


15.0 


8 


18.0 


9 


21,0 


10 


25.0 


6 


12.25 


7 


15.0 


8 


18.0 


9 


21.0 


10 


25.0 


7 


15.0 


8 


18.0- 


9 


21.0 


10 


25.0 


12 


31.5 


7 


15.0 


8 


18.0 


9 


21.0 


10 


25.0 


12 


31.5 



ToUl 
Areft, 
Sqaare 
Inches 



18.31 
19.12 
20.03 
21.01 
22.07 

12.53 
13.34 
14.25 
15.23 
16.29 

15 37 
16.18 
17.09 
18.07 
19.13 

24.19 
25.00 
25.91 
26.89 
27.95 

16.48 
17.39 
18.37 
19.43 
21.32 

19.12 
20.03 
21.01 
22.07 
23.96 



IIIS A. B. 



143.3 
144.1 
145.2 
146.6 
148.3 

135.7 
136.5 
137.6 
139.0 
140.7 

159.3 
160.1 
161.2 
162.6 
164.3 

232.9 
233.7 
234.8 
236.2 
237.9 

258.9 
260.0 
261.4 
263.1 
265.7 

290.7 
291.8 
293.2 
294.9 
297.5 



7.82 
7.54 
7.25 
6.98 
6.72 

10.8 
10.2 
9.65 
9.12 
8.64 

10.4 
9.89 
9.43 
9.00 
8.59 

9.6^ 
9.35 
9.06 
8.78 
8.51 

15.7 
15.0 
14.2 
13.5 
12.5 

15.2 
14.6 
14.0 
13.4 
12.4 



AXIS C. D. 



219.8 
291.1 
375.9 
475.5 
591.5 

144.5 
193.6 
253.5 
325.1 
410.3 

180.7 
240.5 
312.4 
397.6 
497.8 

312.1 
407.7 
519.9 
649.7 
798.9 

257.2 
331.6 
419.3 
522.3 
765.7 

301.9 
387.7 
488.1 
605.1 
880.4 



12.0 
15.2 
18.8 
22.6 
26 8 

11.5 
14.5 
17.8 
21.3 
25.2 

11.8 
14.9 
18.3 
22.0 
26.0 

12.9 
16.3 
20.1 
24.2 
28.6 

15.6 
19.1 
22.8 
26.9 
35.9 

15.8 
19.4 
23.2 
27.4 
36.8 



56 







TWO CHANNELS. 


ONE X BEAM. 












(CONTINUBD.) 








No. 
91 


TWO mmm 


ONI! Z BEAM 


Total 
Area, 
Sqnaro 
Inches 


AXIS A. B. 


AXIS G. D. 


Depth in 
iDches 


Lbs. per 
Foot 


Depth in 
loehei 


Lbs. per 
Foot 


I 


r2 


I 


r« 


12 


30.0 


7 


15.0 


22.06 


326.1 


14.8 


354.4 


16.1 


92 






8 


18.0 


22.97 


327.2 


14.2 


453.2 


19.7 


93 






9 


21.0 


23.95 


328.6 


13.7 


568.1 


23.7 


94 






10 


25.0 


25.01 


330.3 


13.2 


701.1 


28.0 


95 






12 


31.5 


26.90 


332.9 


12.4 


1013. 


37.6 


96 


12 


35.0 


8 


18.0 


25.91 


362.4 


14.0 


522.1 


20.2 


97 






9 


21.0 


26.89 


363.8 


13.5 


651.9 


24.2 


98 






10 


25.0 


27.95 


365.5 


13.1 


801.1 


28.7 


99 






12 


31.5 


29.84 


368.1 


12.3 


1150. 


38.5 


100 






15 


42.0 


33.06 


373.2 


11.3 


1835. 


55.5 


101 


15 


33.0 


8 


18.0 


25.13 


629.0 


25.0 


528.4 


21.0 


102 






9 


21.0 


26.11 


630.4 


24.1 


656.3 


25.1 


103 






10 


25.0 


27.17 


632.1 


23.3 


803.2 


29.6 


104 






12 


31.5 


29.06 


634.7 


21.8 


1146. 


39.4 


105 






15 


42.0 


32.28 


639.8 


19.8 


1820. 


56.4 


106 


15 


35.0 


8 


18.0 


25.91 


643.8 


24.9 


545.9 


21.1 


107 






9 


21.0 


26.89 


645.2 


24.0 


677.6 


25.2 


108 


. 




10 


25.0 


27.95 


646.9 


23.1 


828.7 


29.6 


109 






12 


31.5 


29.84 


649.5 


21.8 


1181. 


39.6 


110 


• 




15 


42.0 


33.06 


654.6 


19.8 


1873- 


56.6 


111 


15 


40.0 


8 


18.0 


28.85 


698.8 


24.2 


613.8 
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16 


19 


21 


24 


26 


29 


32 


35 


38 


42 


45 


55.0 


14 


16 


18 


21 


23 


26 


29 


32 


35 


38 


42 


45 


55.5 


14 


16 


18 


21 


23 


26 


29 


31 


35 


38 


41 


45 


56.0 


14 


16 


18 


20 


23 


26 


28 


31 


34 


37 


41 


44 


56.5 


14 


16 


18 


20 


23 


25 


28 


31 


34 


37 


40 


44 


670 


14 


16 


18 


20 


23 


25 


28 


31 


34 


37 


40 


43 


57.5 


14 


16 


18 


20 


22 


25 


28 


30 


33 


36 


40 


43 


58.0 


13 


15 


18 


20 


22 


25 


27 


30 


33 


36 


39 


43 


58 5 


13 


15 


17 


20 


22 


24 


27 


30 


33 


36 


39 


42 


59.0 


13 


15 


17 


19 


22 


24 


27 


30 


33 


36 


39 


42 


59.5 


13 


15 


17 


19 


22 


24 


27 


29 


32 


35 


38 


42 


600 


13 


15 


17 


19 


21 


24 


26 


29 


32 


35 


38 


41 


60.5 


13 


15 


17 


19 


21 


24 


. 26 


29 


32 


35 


38 


41 


61.0 


13 


15 


17 


19 


21 


23 


26 


29 


31 


34 


37 


41 


61.5 


13 


15 


17 


19 


21 


23 


26 


28 


31 


34 


3% 


40 


62.0 


13 


14 


16 


18 


21 


23 


26 


28 


31 


34 


37 


40 


62.5 


12 


14 


16 


18 


21 


23 


25 


28 


31 


34 


37 


40 


63.0 


12 


14 


16 


18 


20 


23 


25 


28 


30 


33 


36 


39 


63.5 


12 


14 


16 


18 


20 


23 


25 


28 


30 


33 


36 


39 


64.0 


1 
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WORKING STRENGTHS OF SOFT STEEL COLUMNS. 



Squara Staring 


Pin arifl Sqoara Baaring 


Pin Baaring 


S = 


12500 ^ 12500 


c - 


12500 


1+ ^ I+. 

36000 r^ 


24000 


= 


18000 H 


Where : — 










5 * Working strengths in Ihs. per square inch. 
L — Length in feet. 
/ — Length in inches. 
r « Least radius of gyration in inches. 








WORKIHe STREMHS 




mmm strengths 


r2 


Lk per ^. In. 


La 
r^ 


Lk per Sq. 


In. 


Square 


Pin and 
Sqnare 


Pin 


Sqnare 


Pin and 
Sqnare 


Pin* 


1 


12495 


12426 


12402 


26 


11323 


10813 


10348 


2 


12402 


12352 


12304 


27 


11282 


10757 


10280 


3 


12352 


12280 


12208 


28 


11241 


10702 


10213 


4 


12304 


12208 


12113 


29 


11201 


10647 


10146 


5 


12255 


12137 


12020 


30 


11161 


10593 


10081 


6 


12208 


12067 


11929 


31 


11121 


10540 


10016 


7 


12160 


11997 


11838 


32 


11082 


10487 


9952 


8 


12112 


11928 


11748 


33 


11043 


10434 


9889 


9 


12065 


11860 


11660 


34 


11004 


10382 


9827 


10 


12019 


11793. 


11575 


35 


10965 


10331 


9766 


11 


11973 


11726 


11490 


36 


10927 


10280 


9705 


12 


11927 


11660 


11406 


37 


10888 


10229 


9645 


13 


11882 


11596 


11323 


38 


10851 


10179 


9586 


14 


11837 


11532 


11241 


39 


10813 


10130 


9527 


15 


11792 


11468 


11161 


40 


10776 


10081 


9469 


16 


11748 


11405 


11082 


41 


10739 


10032 


9412 


17 


11704 


11343 


11003 


42 


10702 


9984 


9355 


18 


11660 


11282 


10927 


43 


10666 


9936 


9301 


19 


11617 


11221 


10852 


44 


10629 


9889 


9246 


20 


11574 


11161 


10776 


45 


10592 


9842 


9191 


21 


11531 


11102 


10702 


46 


1(J557 


9796 


9137 


22 


11489 


11043 


10629 


47 


10522 


9750 


9084 


23 


11447 


10984 


10557 


48 


10486 


9705 


9032 


24 


11405 


10927 


10487 


49 


10451 


9660 


8980 


25 


11364 


10870 


10417 


50 


10416 


9615 


8928 
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WORKING STRENGTHS OF SOFT STEEL COLUMNS. 








\ 


(COKTINUBD.) 








mum STRENGTHS 




WORKINO STRKNOTHS | 


51 


Lbs. 


per Sq. Inch 


• 


L» 

86 


Lbi. 


per Sq. ineh 


• 


iqure 


Pin and 
Sqnare 


Pin 


Sqnare. 


* 

Pin and 
Sqnare 


Pin 


10382 


9571 


8878 


9300 


8245 


7405 


52 


10348 


9528 


8828 


87 


9273 


8213 


7370 


53 


10314 


9484 


8778 


88 


9346 


8181 


7335 


54 


10280 


9441 , 


8728 


89 


9219 


8149 


7301 


55 


10246 


9398 


8680 


90 


9192 


8117 


7267 


56 


10212 


9355 


8633 


91 


9165 


8085 


7233 


57 


10179 


9314 


8585 


92 


9138 


8054 


7200 


5^ 


10146 


9273 


8538 


93 


9111 


8023 


7168 


59 


10113 


9232 


8492 


94 


9084 


7992 


7135 


60 


10081 


9191 


8446 


95 


9058 


7962 


7102 


61 


10048 


9151 


8401 


96 


9032 


7931 


7070 


62 


10016 


9111 


8356 


97 


9006 


7901 


7038 


63 


9984 


9071 


8311 


98 


8980 


7871 


7007 


64 


9953 


9032 


8267 


99 


8954 


7842 


6975 


65 


9921 


8993 


8224 


100 


8928 


7813 


6944 


66 


9889 


8954 


8181 


101 


8903 


7783 


6914 


67 


9858 


8916 


8138 


102 


8878 


7754 


6883 


68 


9827 


8878 


8096 


103 


8853 


7726 


6853 


69 


9796 


8840 


8054 


104 


8828 


7697 


6823 


70 


9766 


8803 


8013 


105 


8803 


7669 


6793 


71 


9735 


8766 


7972 


106 


8778 


7641 


6764 


72 


9705 


8729 


7932 


107 


8753 


' 7613 


6735 


73 


9675 


8693 


7892 


108 


8729 


7585 


6706 


74 


9645 


8657 


7852 


109 


8705 


7558 


6678 


75 


9615 


8621 


7813 


110 


8680 


7530 


6649 


76 


9586 


8585 


7774 


111 


8656 


7503 


6621 


77 


9557 


8550 


7735 


112 


8633 


7476 


6593 


78 


9528 


8515 


7697 


113 


8609 


7449 


6565 


79 


9499 


8480 


7659 


114 


8585 


7423 


6538 


80 


9470 


8446 


7622 


115 


8562 


7397 


6510 


81 


9441 


8412 


7585 


116 


8538 


7370 


6483 


82 


9412 


8378 


7548 


117 


8515 


7344 


6457 


83 


9384 


8344 


7512 


118 


8492 


7318 • 


6430 


84 


9356 


8311 


7476 


119 


8469 


7293 


6404 


85 


9328 


8278 


7440 


120 


8446 


7268 


6378 


1 
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WORKING STREN6TH8 OF SOFT STEEL COLUMNS. 








(CONTINTJBD. 


) 








W0REIN6 mmm 




WOEUIiO STRSHfiTHS | 


L» 


Lbi. 


perSq. Inch 


• 


180 


Lbs. 


per Sq. Incl 


L 


r2 


Sqiare 


Pin and 
Square 


Pin 


Sqnare 


Pin and 
Sqnare 


Pin 


121 


8423 


7242 


6352 


7268 


6010 


5123 


122 


8401 


7217 


6326 


185 


7184 


5924 


5040 


123 


8378 


7192 


6300 


190 


7102 


5842 


4960 


124 


8356 . 


7168 


6275 


195 


7023 


5760 


4883 


125 


8333 


7143 


6250 


200 


6944 


5682 


4808 


126 


8311 


7118 


6225 


205 


6868 


5605 


4735 


127 


8289 


7094 


6200 


210 


6793 


5531 


4664 


128 


8267 


7070 


6176 


215 


6720 


5458 


4596 


129 


8245 


7046 


6152 


220 


6649 


5388 


4529 


130 


8224 


7023 


6127 


925 


6579 


5319 


4464 


131 


8202 


6999 


6103 


230 


6510 


5252 


4401 


132 


8181 


6975 


6080 


235 


6443 


5187 


4340 


133 


8159 


6952 


6056 


240 


6378 


6123 


4281 


134 


8138 


6929 


6033 


245 


6313 


5061 


4223 


135 


8117 


6906 


6010 


250 


6250 


5000 


4167 


136 


8096 


6883 


5987 


255 


6188 


4941 


4112 


137 


8075 


6861 


5964 


260 


6128 


4883 


4058 


138 


8054 


6838 


5941 


265 


6068 


4826 


4007 


139 


8033 


6816 


5918 


270 


6010 


4771 


3956 


140 


8013 


6793 


5896 


275 


5952 


4717 


3906 


141 


7992 


6771 


5874 


280 


5896 


4664 


3858 


142 


7972 


6749 


5852 


285 


5841 


4612 


3811 


143 


7952 


6728 


5830 


290 


5787 


4562 


3765 


144 


7932 


6706 


5808 


295 


5734 


4513 


3720 


145 


7912 


6684 


5787 


300 


5682 


4464 


3677 


146 


7892 


6633 


5766 


310 


5580 


4371 


3592 


147 


7872 


6642 


5744 


320 


5483 


4281 


3511 


148 


7852 


6621 


5723 


330 


5388 


4195 


3434 


149 


7832 


6600 


5702 


340 


5297 


4112 


3360 


150 


7813 


6579 


5682 


350 


5209 


4032 


3288 


155 


7716 


6477 


5580 


360 


5123 


3956 


3222 


160 


7622 


6378 


5482 


370 


5040 


3882 


3157 


165 


7530 


6282 


5388 


380 


4960 


3811 


3094 


170 


7441 


6188 


5297 


390 


4883 


3742 


3034 


175 


7353 


6098 


5208 


400 


4808 


3676 


2976 



QQ 



WOmHIIQ STRENQTHt OF MEDIUM STEEL COLUMNS. 


tqiwrt BMrinf Pin and Squart Bttrlng 


Pin Baarini 


15000 


15000 


- 5 = 


15000 


.1— 72 ^ — 

36000 r* 


24000 


'1+ '' 

18000 H 


Wliere:— 




« 




5 — Working strengtlu in Ibt. per iqiiare inch. 
L - Length in feet. 
/ i- length in inches, 
r — ifCast radius of gyration in inchea. 






woRKiRQ mmm 

Lk per Sq. Id. 


r^ 


WORKIM STEEMTHS 
Uw. per S^ Ib. 


Sfttn 


Piiu4 
Squre 


Pio 


Squn 


PiBUd 

Squre 


PiD 


1 


14940 


14910 


14881 


26 


13587 


12976 


12417 


2 


14881 


14822 


14764 


27 


13538 


12909 


12336 


3 


14822 


14735 


14649 


28 


13489 


12843 


12255 


4 


14764 


14649 


14535 


29 


13441 


12777 


12175 


5 


14706 


14563 


14423 


30 


13393 


12712 


12097 


6 


14648 


14479 


14313 


31 


13345 


12648 


12019 


7 


14691 


14396 


14205 


32 


13298 


12584 


11943 


8 


14535 


14313 


14098 


33 


13251 


12521 


11867 


9 


14479 


14232 


13992 


34 


13204 


12459 


11793 


10 


14423 


14151 


13889 


35 


13157 


12397 


11719 


11 


14368 


14071 


13787 


36 


13112 


12336 


11646 


12 


14313 


13992 


13686 


37 


13066 


12275 


11574 


13 


14259 


13915 


13587 


38 


13021 


12215 


11503 


14 


15205 


13838 


13489 


39 


12976 


12155 


11433 


15 


14151 


13761 


13393 


40 


12931 


12097 


11364 


16 


14098 


13686 


13298 


41 


12887 


12039 


11295 


17 


14045 


13612 


13204 


42 


12843 


11981 


11228 


18 


13992 


13538 


13112 


43 


12799 


11924 


11161 


19 


13940 


13465 


13021 


44 


12755 


11867 


11095 


20 


13889 


13393 


12931 


45 


12712 


11811 


11030 


21 


13838 


13322 


12843 


46 


12669 


11756 


10965 


22 


13787 


13251 


12755 


47 


12626 


11700 


10901 


23 


13736 


13181 


12669 


48 


12583 


11646 


10838 


24 


13686 


13112 


12584 


49 


12542 


11592 


10776 


2& 


13637 

V 


13044 


12500 


50 


12500 


11538 


10714 


': 1 
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WORKING STRENGTHS OF MEDIUM STEEL COLUMNS. 

(CONTZMiniD.) 



L» 



WORKliNG STRENGTHS 
Lbs. p«r Sq. Inch. 



51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 



Sqiare 



12459 

12417 

12376 

12336 

12295 

12255 

12215 

12176 

12136 

12097 

12058 

12019 

11981 

11943 

11905 

11867 

11830 

11793 

11756 

11719 

11682 

11646 

11610 

11574 

11538 

11503 

11468 

11433 

11398 

11364 

11329 

11295 

11261 

11227 

11194 



Pin and 
Square 



Pin 



11486 
11433 
11381 
11329 
11278 
11227 
11177 
11128 
11078 
11030 
10981 
10933 
10886 
10838 
10791 
10745 
10699 
10653 
10608 
10563 
10519 
10475 
10431 
10388 
10345 
10302 
10260 
10218 
10176 
10135 
10094 
10053 
10013 
9973 
9934 



10653 

10593 

10534 

10475 

10417 

10359 

10302 

10246 

10190 

10135 

10081 

10027 

9974 

9921 

9869 

9817 

9766 

9715 

9665 

9615 

9566 

9518 

9470 

9422 

9375 

9329 

9282 

9236 

9191 

9146 

9102 

9058 

9014 

8971 

8928 



l« 



WORKING STRENGTHS 
Lbi. per Sq. IneL 



86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

•97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 



Sqiare 



11161 

11123 

11095 

11062 

11030 

10997 

10965 

10933 

10901 

10870 

10838 

10807 

10776 

10745 

10714 

10684 

10653 

10623 

10593 

10563 

10534 

10504 

10475 

10446 

10417 

10388 

10359 

10330 

10302 

10274 

10246 

10218 

10190 

10163 

10135 



Pin and 

Square 



9894 

9855 

9817 

9779 

9740 

9702 

9665 

9628 

9591 

9554 

9518 

9482 

9446 

9410 

9375 

9340 

9305 

9271 

9237 

9202 

9169 

9135 

9102 

9069 

d036 

9003 

8971 

8930 

8907 

8876 

8844 

8813 

8782 

8751 

8721 



Pin 



8886 
8844 
8803 
8762 
8721 
8680 
8640 
8601 
8562 
8523 
8484 
8446 
8408 
8370 
8333 
8297 
8260 
8224 
8188 
8152 
8117 
8082 
8047 
8013 
7979 
7945 
7911 
7878 
7845 
7813 
7780 
7748 
7716 
7685 
7653 



lOX 



WORKING STRENfiTHS OF MEDIUM STEEL COLUMNS. 








(COBrTINX7BD.) 








WORIIM 8TREMTH8 




WORKim STRKIKITHS | 


r^ 


Lk 


per Sq. Inch 


■ 


180 


Lbr 


per 8q. Iwk | 


Squre 


Pin and 
Sqoar« 


Pin 


Sqotre 


Pii and 

Sqoart 


Pil 


121 


10108 


8691 


7622 


8721 


7212 


6143 


122 


10081 


8661 


7591 


185 


8621 


7109 


6048 


123 


10054 


8631 


7560 


190 


8523 


7010 


5952 


124 


10027 


8601 


7530 


195 


8427 


6912 


5859 


125 


10000 


8571 


7500 


200 


8333 


6818 


5769 


126 


9974 


8542 


7470 


205 


8242 


6726 


5682 


127 


9947 


8513 


7440 


210 


8152 


6637 


5597 


128 


9921 


8484 


7411 


215 


8064 


6550 


5515 


129 


9894 


8456 


7382 


220 


7979 


6465 


5435 


130 


9868 


8427 


7353 


?25 


7895 


6383 


5357 


131 


9843 


8399 


7324 


230 


7812 


6303 


5282 


132 


9817 


8370 


7296 


235 


7732 


6224 


5208 


133 


9791 


8343 


7268 


240 


7653 


6148 


5137 


134 


9766 


8315 


7239 


245 


7575 


6073 


5067 


135 


9740 


8287 


7212 


250 


7500 


6000 


6000 


136 


9715 


8260 


7184 


255 


7426 


5929 


4934 


137 


9690 


8233 


7157 


260 


7353 


5859 


4870 


138 


9665 


8206 


7129 


265 


7281 


6791 


4808 


139 


9640 


8179 


7102 


270 


7212 


5725 


4747 


140 


9615 


8152 


7076 


275 


7143 


5660 


4668 


141 


9591 


8126 


7049 


280 


7076 


5597 


4630 


142 


9566 


8099 


7023 


285 


7010 


5535 


4573 


143 


9542 


8073 


6996 


290 


6945 


5476 


4618 


144 


9518 


8047 


6970 


295 


6881 


5415 


4464 


145 


9494 


8021 


6945 


300 


6818 


5357 


4412 


146 


9470 


7996 


6919 


310 


6696 


5246 


4311 


147 


9446 


7970 


6893 


320 


6579 


5137 


4214 


148 


9422 


7945 


6868 


330 


6465 


5034 


4121 


149 


9399 


7919 


6843 


340 


6356 


4934 


4032 


150 


9375 


7896 


6818 


350 


6250 


4839 


3947 


155 


9i259 


7772 


6696 


360 


6147 


4747 


3866 


160 


9146 


7653 


6579 


370 


6048 


4658 


3788 


165 


9036 


7538 


6465 


380 


5952 


4573 


3713 


170 


8929 


7426 


6356 


390 


5859 


4491 


3641 


175 


8823 


7317 


6250 


400 


6769 


4412 


3572 


1 
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TABLE OF 


' SQUARE ROOTS. 




Kos. 


Roots 


Nos. 


RooU 


Nos. 


Roots 


Noi. 


Roots 


Kos. 


Roots 


1 


1.00 


51 


7.14 


101 


10.05 


151 


12.29 


201 


14.18 


2 


1.41 


52 


7.21 


102 


10.10 


152 


12.33 


202 


14 21 


3 


1.73 


53 


7.28 


103 


10.15 


153 


12.37 


203 


14.25 


4 


2.00 


54 


7.35 


104 


10 20 


154 


12.41 


204 


14.28 


5 


2.24 


55 


7.42 


105 


10.25 


155 


12.45 


205 


14.32 


6 


2.45 


56 


7.48 


106 


10.30 


156 


12.49 


206 


14.35 


7 


2.65 


57 


7.55 


107 


10.34 


157 


12.53 


207 


14.39 


8 


2.83 


68 


7 62 


108 


10.39 


158 


12.57 


208 


14.42 


9 


3.00 


59 


7.68 


109 


10.44 


159 


12.61 


209 


14.46 


10 


3.16 


60 


7.75 


110 


10.49 


160 


12.65 


210 


14.49 


11 


3.32 


61 


7.81 


111 


10.54 


161 


12.69 


211 


14.53 


12 


3.46 


62 


7.87 


112 


10.58 


162 


12.73 


212 


14.56 


13 


3.61 


63 


7.94 


113 


10.63 


163 


12.77 


213 


14.59 


14 


3.74 


64 


8.00 


114 


10.68 


164 


12 81 


214 


14.63 


15 


3.87 


65 


8.06 


115 


10.72 


165 


12.85 


215 


14.66 


16 


4.00 


66 


8.12 


116 


10.77 


166 


12.88 


216 


14.70 


17 


4 12 


67 


8.19 


117 


10.82 


167 


12.92 


217 


14 73 


18 


4.24 


68 


825 


118 


10.86 


168 


12.96 


218 


14.76 


19 


4.36 


69 


8 31 


119 


10.91 


169 


13.00 


219 


14.80 


20 


4.47 


70 


8.37 


120 


10.95 


170 


13.04 


220 


14.83 


21 


4.58 


71 


8.43 


121 


11.00 


171 


13.08 


221 


14.87 


22 


4.69 


72 


8.49 


122 


11.05 


172 


13.11 


222 


14.90 


23 


4.80 


73 


8.54 


123 


11.09 


173 


13.15 


223 


14.93 


24 


4.90 


74 


8.60 


124 


11.14 


174 


13.19 


224 


14.97 


^5 


5.00 


76 


8.66 


125 


11.18 


175 


13.23 


225 


15 00 


26 


5.10 


76 


8.72 


126 


11.22 


176 


13.27 


226 


15.03 


27 


5.20 


77 


8.77 


127 


11.27 


177 


13.30 


227 


15.07 


28 


5.29 


78 


8.83 


128 


11.31 


178 


13.34 


228 


15.10 


29 


5.39 


79 


8.89 


129 


11.36 


179 


13.38 


229 


15.13 


30 


6.48 


80 


8.94 


130 


11.40 


180 


13.42 


230 


15.17 


31 


5.57 


81 


9.00 


131 


11.45 


181 


13.45 


231 


15.20 


32 


5.66 


82 


9.06 


132 


11.49 


182 


13.49 


232 


15.23 


33 


5 74 


83 


9.11 


133 


11.53 


183 


13.63 


233 


15 26 


34 


5.83 


84 


9.17 


134 


11.58 


184 


13 66 


234 


15 30 


35 


5.92 


86 


9.22 


135 


11.62 


185 


13.60 


235 


15.33 


36 


600 


86 


9.27 


136 


11.66 


186 


13.64 


236 


15.36 


37 


6 08 


87 


9.33 


137 


11.70 


187 


13 67 


237 


15 39 


38 


6 16 


88 


9.38 


138 


11.75 


188 


13.71 


238 


15 43 


39 


6 24 


89 


9 43 


139 


11.79 


189 


13 75 


239 


15.46 


40 


6 32 


90 


9.49 


140 


11.83 


190 


13 78 


240 


15 49 


41 


640 


91 


954 


141 


11.87 


191 


13 82 


241 


15.52 


42 


6.48 


92 


9.59 


142 


1192 


192 


13.86 


242 


15.56 


43 


656 


93 


9 64 


143 


11.96 


193 


13.89 


243 


15.59 


44 


6 63 


94 


9.70 


144 


12 00 


194 


13 93 


244 


15.62 


45 


6.71 


95 


9.76 


145 


12.04 


195 


13.96 


245 


15.65 


46 


6 78 


96 


980 


146 


12.08 


196 


14.00 


246 


15.68 


47 


6.86 


97 


9.85 


147 


12.12 


197 


14.04 


247 


15.72 


48 


6.93 


98 


9 90 


148 


12.17 


198 


14.07 


248 


15.75 


49 


700 


99 


9 95 


149 


12 21 


199 


14.11 


249 


15.78 


60 


7.07 


100 


10.00 


150 


12.25 


200 


14.14 


250 


15.81 
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TABLE OF SQUARE ROOTS. 


Km. 


Rooti 


NOL 


Roots 


Nos. 


Roots 


Hob. 


Roots 


Hoe. 


Roots 


251 


15.84 


301 


17.35 


351 


18.73 


401 


20 02 


451 


21.24 


252 


15 87 


302 


17 38 


352 


18.76 


402 


20 05 


452 


21.26 


253 


15.91 


303 


17.41 


353 


18.79 


403 


20.07 


453 


21.28 


254 


15 94 


304 


17 44 


354 


18.81 


404 


20 10 


454 


21.31 


255 


15 97 


305 


17.46 


355 


18.84 


405 


20.12 


455 


21.33 


256 


16 00 


306 


17.49 


356 


18.87 


406 


20.15 


456 


2135 


257 


16 03 


307 


17.52 


367 


18.89 


407 


80.17 


457 


21.38 


258 


16 06 


308 


17.55 


358 


18 92 


408 


20.20 


458 


2140 


259 


16.09 


309 


17.58 


359 


18.95 


409 


20.22 


459 


2142 


260 


16.12 


310 


17.61 


360 


18.97 


410 


20.25 


460 


21.45 


261 


16 16 


311 


17 64 


361 


19.00 


411 


20.27 


461 


21.47 


262 


16 19 


312 


17.66 


362 


19.03 


412 


20 30 


462 


21.49 


263 


16.22 


313 


17 69 


363 


19.05 


413 


20.32 


463 


2152 


264 


16 25 


314 


17.72 


364 


19.08 


414 


20.35 


464 


2154 


265 


16.-28 


315 


17.75 


365 


19.10 


415 


20.37 


465 


2156 


266 


16 31 


316 


17.78 


366 


19.13 


416 


20 40 


466 


21.59 


267 


16.34 


3i7 


17.80 


367 


19.16 


417 


20.42 


467 


21.61 


268 


16.37 


318 


17.83 


368 


19.18 


418 


20.45 


468 


21.63 


269 


16.40 


319 


17.86 


369 


19.21 


419 


20.47 


469 


21.66 


270 


16.43 


320 


17.89 


370 


19.24 


420 


20.49 


470 


21.68 


271 


16.46 


321 


17.92 


371 


19.26 


421 


20.52 


471 


21.70 


272 


16.49 


322 


17.94 


372 


19 29 


422 


20.54 


472 


2173 


273 


16.52 


323 


17.97 


373 


19.31 


423 


20.57 


473 


21.75 


274 


16 55 


324 


18.00 


374 


19.34 


424 


20 59 


474 


2177 


275 


16.58 


325 


18.03 


375 


19.36 


425 


20.62 


475 


21.7^ 


276 


16.61 


326 


18.06 


376 


19.39 


426 


20 64 


476 


21.82 


277 


16 64 


327 


18.08 


377 


19.42 


427 


20.66 


477 


21.84 


278 


16.67 


328 


18.11 


378 


19.44 


428 


20.69 


478 


21.86 


279 


16.70 


329 


18.14 . 


379 


19.47 


429 


20.71 


479 


21.89 


280 


16.73 


330 


18.17 


380 


19.49 


430 


20.74 


480 


21.91 


281 


13.76 


331 


18.19 


381 


19.52 


431 


20.76 


481 


21.93 


282 


13.79 


332 


18 22 


382 


19.54 


432 


20.78 


482 


21.95 


283 


16 82 


333 


18.25 


383 


19 57 


433 


20.81 


483 


21.98 


284 


16 85 


334 


18.28 


384 


19.60 


434 


20.83 


484 


22 00 


285 


16.88 


335 


18.30 


385 


19.62 


435 


20.86 


485 


22.02 


286 


16 91 


336 


18 33 


386 


19.65 


436 


20.88 


486 


22.05 


287 


16 94 


337 


18 36 


387 


19.67 


437 


20.90 


487 


22.07 


288 


16.97 


338 


18.38 


388 


19.70 


438 


20.93 


488 


22 09 


289 


17.00 


339 


18.41 


389 


19.72 


439 


20.95 


489 


22.11 


290 


17.03 


340 


18 44 


390 


19.75 


440 


20 98 


490 


22.14 


291 


17.06 


341 


18.47 


391 


19.77 


441 


21.00 


491 


22.16 


292 


17.09 


342 


18 49 


392 


19.80 


442 


21.02 


492 


22.18 


293 


17.12 


343 


18.52 


393 


19.82 


443 


21.05 


493 


22.20 


294 


17.15 


344 


18.55 


394 


19.85 


444 


21.07 


494 


22.23 


295 


17.18 


345 


18.57 


395 


19.87 


445 


21.10 


495 


22.25 




17.20 


346 


18.60 


396 


19.90 


446 


21.12 


496 


22.27 


297 


17.23 


347 


18.63 


397 


19.92 


447 


21.14 


497 


22.29 


298 


17.26 


348 


18.65 


398 


19.95 


448 


21.17 


498 


22.32 


299 


17.29 


349 


18.68 


399 


19.97 


449 


21.19 


499 


22.34 


300 


17.32 


350 


18.71 


400 


20.00 


450 


21.21 


500 


22.36 
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TABLE OF SQUARE ROOTS. 



Km. 



501 
602 
503 
504 
505 

506 
507 
508 

509 
510 

511 
512 
513 
514 
515 

516 
517 
518 
619 
520 

521 
522 
523 
524 
525 

526 
527 
528 
529 

530 

531 
532 
533 

534 
535 

536 
537 
538 
539 
540 

641 
542 
543 
544 
545 

546 
547 
548 
549 
550 



Root! 



22.38 

22.41 
22.43 
22.45 
22.47 

22.49 
22.52 
22.54 
22 56 
22.58 

22.61 
22.63 
22 65 
22.67 
22.69 

22 72 
22 74 
22.76 
22 78 
22.80 

22 83 
22.85 

22 87 
22.89 
22.91 

22.93 
22.96 
22.98 
23.00 

23 02 

23.04 
23.07 
23.09 
23.U 
23.13 

23.15 
23 17 
23.19 
23.22 
23.24 

23.28 
23.28 
23.30 
23 32 
23 35 

23 37 
23 39 
23 41 
23.43 
23.45 



Roi. 



551 
552 
553 
554 
555 

556 
557 
558 

559 
560 

561 
562 
563 
564 
565 

566 
567 
568 
569 
570 

571 
572 
573 
574 
575 

576 
577 
578 
579 
580 

581 
582 
583 
584 
585 

586 
587 
588 
589 
590 

591 
592 
593 
594 
595 

596 
597 
598 
599 
600 



Rwti 



23.47 
23.49 
23.52 
23 54 
23.56 

23.58 
23.60 
23.62 
23.64 
23.66 

23 69 
23.71 
23.73 
23.75 
23.77 

23.79 
23.81 
23 83 
23.85 
23.87 

23.90 
23.92 
23.94 

23 96 
23.98 

24.00 
24.02 

24 04 
24.06 
24.08 

24.10 
24.12 
24.15 
24.17 
24.19 

24.21 
24.23 
24.25 
24.27 
24.29 

24.31 
24.33 
24.35 
24 37 
24.39 

24.41 
24 43 
24.45 
24.47 
24 49 



Rm. 



601 
602 
603 
604 
605 

606 

607 
608 
609 
610 

611 
612 
613 
614 
615 

616 
617 
618 
619 
620 

621 
622 
623 
624 
625 

626 
627 
628 
629 
630 

631 
632 
633 
634 
635 

636 
637 
638 
639 
640 

641 
642 
643 
644 
645 

646 
647 
648 
649 
650 



Rooti 


Nm. 


R<K)tl 


Nos. 


24.52 


651 


25.51 


701 


24.54 


652 


25.53 


702 


24.56 


653 


25.55 


703 


24.58 


654 


25.57 


704 


24.60 


655 


25.59 


705 


24.62 


656 


25.61 


706 


24.64 


657 


25 63 


707 


24.66 


658 


25.65 


708 


24.68 


659 


25.67 


709 


24.70 


660 


25 69 


710 


24.72 


661 


25.71 


711 


24.74 


662 


25.73 


712 


24.76 


663 


25.75 


713 


24 78 


664 


25.77 


714 


24.80 


663 


25.79 


715 


24.82 


666 


25.81 


716 


24.84 


667 


25.83 


717 


24.86 


668 


25.85 


718 


24 88 


669 


25.87 


719 


24 90 


670 


25.88 


720 


24.92 


671 


25.90 


721 


24.94 


672 


25.92 


722 


24 96 


673 


25 94 


723 


24.98 


674 


25.96 


724 


25.00 


675 


25.98 


726 


25.02 


676 


26.00 


726 


25.04 


677 


26.02 


727 


25.06 


678 


26 04 . 


728 


25 06 


679 


26.06 


729 


25.10 


680 


26 08 


730 


25.12 


681 


26 10 


731 


25.14 


682 


2612 


732 


25.16 


683 


26.13 


733 


25.18 


684 


26 15 


734 


25.20 


686 


26.17 


735 


25.22 


686 


26.19 


736 


25.24 


687 


26 21 


737 


25 26 


688 


26 23 


738 


25 28 


689 


26.25 


739 


25 30 


690 


26.27 


740 


25.32 


691 


26 29 


741 


•25.34 


692 


26 31 


742 


25.96 


693 


26 32 


743 


25 38 


694 


26.34 


744 


25.40 


695 


26-36 


745 


25 42 


696 


26.38 


746 


25 44 


697 


26 40 


747 


25.46 


698 


26.42 


748 


25 48 


699 


26 44 


749 


25 50 


700 


26.46 


750 



RMti 



26.48 
26.50 
26.51 
26.53 
26.55 

26.57 
26 59 
26 61 
26.63 
26 65 

26 66 
26 68 
26.70 
26.72 
26.74 

26.76 
26.78 
26.80 
26.81 
26.83 

26.85 
26.87 

26 89 
26.91 
26.93 

26^ 
26.96 
26.98 
27.00 
27.02 

27.04 
27.06 
27.07 

27 09 
2711 

27.13 
27.15 
27.17 
2718 
27.20 

27.22 
27.24 
27.26 
27.28 
27.29 

27.31 
27.33 
27 35 
27 37 
27.39 
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TABLE OF SQUARE ROOTS. 


Hos. 


Roolg 


Nes. 


Roots 


Nos. 


Rjoik 


lOB.* 


Rooti 


Hos. 


Rooti 


751 


27.40 


801 


28.30 


851 


29.17 


901 


30.02 


951 


30.84 


752 


27.42 


802 


28 32 


852 


29.19 


902 


30.03 


952 


30.85 


753 


27.44 


803 


28.34 


853 


29.21 


903 


30.05 


953 


30.87 


754 


27.46 


804 


28.35 


854 


29.22 


904 


30.07 


954 


30.89 


755 


27.48 


805 


28.37 


855 


29.24 


906 


30.08 


955 


30.90 


756 


27.50 


806 


28.39 


856 


29.26 


906 


30.10 


956 


30.92 


757 


27.51 


807 


28.41 


857 


29.27 


907 


30.12 


957 


30.94 


758 


27.53 


808 


28.43 


858 


29.29 


908 


30.13 


958 


30.95 


759 


27.55 


809 


28.44 


859 


29.31 


909 


30.15 


959 


30.97 


760 


27.57 


810 


28.46 


860 


29.33 


910 


30.17 


960 


30.98 


761 


27.59 


811 


28.48 


861 


29.34 


911 


30.18 


961 


31.00 


762 


27.60 


812 


28.50 


862 


29 36 


912 


30.20 


962 


31.02 


763 


27 62 


813 


28.51 


863 


29 38 


913 


30.22 


963 


31.03 


764 


27.64 


814 


28.53 


864 


29.39 


914 


30.23 


964 


31.05 


765 


27.66 


815 


28.55 


865 


29.41 


915 


30.25 


966 


31.06 


766 


27.68 


816 


28.57 


866 


29.43 


916 


30.27 


966 


31.08 


767 


27.69 


817 


28.58 


867 


29.44 


917 


30.28 


967 


31.10 


768 


27.71 


818 


28.60 


868 


29.46 


918 


30.30 


968 


31.11 


769 


27.73 


819 


28.62 


869 


29.48 


919 


30.32 


969 


31.13 


WO 


27.76 


820 


28.64 


870 


29.50 


920 


80.33 


970 


31.14 


771 


27.77 


821 


28.66 


871 


29.51 


921 


30.36 


971 


81.16 


7'/2 


27 78 


822 


28.67 


872 


29.53 


922 


30.36 


972 


31.18 


773 


27.80 


823 


28.69 


873 


29.55 


923 


30.38 


973 


81.19 


774 


27.82 


824 


28.71 


874 


29.56 


924 


30.40 


974 


31.21 


VW 


27.84 


826 


28.72 


875 


29.68 


926 


30.41 


976 


31.22 


776 


27.86 


826 


28.74 


876 


29.60 


926 


30.43 


976 


31.24 


777 


27.87 


827 


28.76 


877 


29.61 


927 


30.45 


977 


31.26 


776 


27.89 


828 


28.77 


878 


29.63 


928 


30.46 


978 


31.27 


V79 


27.91 


829 


28.79 


879 


29.65 


929 


30.48 


979 


31.29 


780 


27.93 


830 


28.81 


880 


29.66 


930 


80.60 


980 


31.30 


781 


27.95 


831 


28.83 


881 


29.6^ 


931 


30.6i 


981 


31.82 


782 


27.96 


832 


28.84 


882 


29.70 


932 


30.53 


982 


31.84 


783 


27.98 


833 


28.86 


883 


29.72 


933 


30.55 


983 


31.36 


784 


28 00 


834 


28.88 


884 


29.73 


934 


30.56 


984 


31.37 


785 


28.02 


835 


28.90 


885 


29.75 


936 


30.58 


986 


31.38 


786 


28.04 


836 


28.91 


886 


29.77 


936 


30.59 


986 


31.40 


787 


28.05 


837 


28.93 


887 


29.78 


937 


30.61 


987 


31.42 


788 


28.07 


838 


28.95 


888 


29.80 


938 


30.63 


988 


31.43 


789 


28.09 


839 


28 97 


889 


29.82 


939 


30 64 


989 


31.45 


790 


28.11 


840 


28.98 


890 


29.83 


940 


30.66 


990 


31.46 


791 


28.12 


841 


29.00 


891 


29.85 


941 


30.68 


991 


31.48 


792 


28.14 


842 


29.02 


892 


29.87 


942 


30.69 


992 


31.50 


793 


28.16 


843 


29.03 


893 


29.88 


943 


30.71 


993 


31.51 


794 


28.18 


844 


29.05 


894 


29.90 


944 


30.72 


994 


31.53 


795 


28.20 


845 


29.07 


895 


29.92 


946 


30.74 


995 


31.54 


796 


28 21 


846 


29.09 


896 


29 93 


946 


30.76 


996 


3156 


'/97 


28.23 


847 


29.10 


897 


29.95 


947 


30.77 


997 


31.58 


798 


28.25 


848 


29.12 


898 


29.97 


948 


30 79 


998 


31.59 


'/99 


28.27 


849 


29.14 


899 


29.98 


9*9 


30 81 


999 


31.61 1 

31.62 1 


800 


28.28 


850 


29.15 


900 


30.00 


950 


30.82 


1000 
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TABLE OF 


SQUARE ROOTS. 




Nm. 


Rooti 


Nm. 


Roots 


Hoc 


Roofa 


Nos. 


Rjoii 


Not. 


Rooti 


1001 


31.64 


1051 


32.42 


1101 


33.18 


1151 


33.93 


1201 


34.66 


1002 


31.65 


1052 


32 43 


1102 


33.20 


1152 


33.94 


1202 


34.67 


1003 


31.67 


1053 


32.45 


1103 


33 21 


1153 


33.96 


1203 


34.68 


1004 


31.69 


1054 


32.47 


1104 


33.23 


1154 


33.97 


1204 


84.70 


1005 


31.70 


1055 


32.48 


1105 


33.24 


1155 


33.99 


1205 


34.71 


1006 


31.72 


1056 


32.60 


1106 


33.26 


1156 


34.00 


1206 


34.73 


1007 


31.73 


1057 


32.61 


1107 


33.27 


1157 


34.01 


1207 


34.74 


1008 


31.75 


1058 


32.53 


1108 


33.29 


1158 


34.03 


1208 


84.76 


1009 


31.76 


1059 


32.54 


1109 


33.30 


1159 


34.04 


1209 


34.77 


1010 


31.78 


1060 


32.56 


1110 


33.32 


1160 


34.06 


1210 


34.79 


1011 


31.80 


1061 


32.57 


1111 


33.33 


1161 


34.07 


1211 


34.80 


1012 


81.81 


1062 


32.59 


1112 


33.35 


1162 


34.09 


1212 


34.81 


1013 


81.83 


1063 


32.60 


1113 


33.36 


1163 


34.10 


1213 


34.83 


1014 


81.84 


1064 


32.62 


1114 


33.38 


1164 


34.12 


1214 


34.84 


1015 


31.86 


1065 


32.63 


1115 


33.39 


1165 


34.13 


1215 


34.86 


1016 


81.87 


1066 


32 65 


1116 


33.41 


1166 


34.15 


1216 


34.87 


1017 


31.89 


1067 


32.66 


1117 


33.42 


1167 


34.16 


1217 


'34.89 


1018 


31.91 


1068 


32 68 


1118 


33.44 


1168 


34.18 


1218 


84.90 


1019 


31.92 


1069 


32.70 


1119 


33.45 


1169 


34 19 


1219 


84.91 


1020 


31.94 


1070 


32.71 


1120 


33.47 


1170 


34.21 


1220 


84.93 


1021 


81.95 


1071 


32.73 


1121 


33.48 


1171 


34.22 


1221 


34.94 


1022 


8197 


1072 


32.74 


1122 


33.50 


1172 


34.23 


1222 


84 96 


1023 


31.98 


1073 


32.76 


1123 


33.51 


1173 


34.25 


1223 


84.97 


1024 


82.00 


1074 


32.77 


1124 


33.53 


1174 


34.26 


1224 


84.99 


1025 


82.02 


1076 


32.79 


1125 


33.54 


1176 


34.28 


1225 


35.00 


1026 


32.03 


1076 


32.80 


1126 


83.56 


1176 


84.29 


1226 


85.01 


1027 


32.05 


1077 


82.82 


1127 


33.57 


1177 


34.31 


1227 


85 03 


1028 


32.06 


1078 


32.83 


1128 


33.59 


1178 


34.32 


1228 


35.04 


1029 


82.08 


1079 


32.85 


1129 


33.60 


1179 


34.34 


1229 


85.06 


1030 


82.09 


1080 


32.86 


1130 


33.62 


1180 


84.35 


1230 


85.07 


1031 


32.11 


1061 


82.88 


1131 


33.63 


1181 


34.37 


1231 


35.09 


1032 


32.12 


1082 


32.89 


1132 


33.65 


1182 


34.38 


1232 


35.10 


1033 


82.14 


1083 


32.91 


1133 


33.66 


1183 


84.39 


1233 


35.11 


1034 


32.16 


1064 


82.92 


U34 


33.67 


1184 


34.41 


1234 


85.13 


1035 


32.17 


1085 


32.94 


1135 


33.69 


1185 


34.42 


1235 


35.14 


1036 


32.19 


1086 


32.95 


1136 


33.70 


1186 


34.44 


1236 


35.16 


1037 


32.20 


1087 


32.97 


1137 


33.72 


1187 


34.45 


1237 


35.17 


1038 


82.22 


1088 


32.98 


1138 


83.73 


1188 


34.47 


1238 


35.19 


1039 


82.23 


1069 


33 00 


1139 


33.75 


1189 


34.48 


1239 


35.20 


1040 


82.25 


1090 


83.02 


1140 


33.76 


1190 


34.50 


1240 


35.21 


1041 


82.26 


1091 


33.03 


1141 


33.78 


1191 


34.51 


1241 


35.23 


1042 


32.28 


1092 


33.05 


1142 


33 79 


1192 


34.53 


1242 


35.24 


1043 


82.30 


1093 


33.06 


1143 


33.81 


1193 


wT«OT 


1243 


35.26 


1044 


82.31 


1094 


33.06 


1144 


33.82 


1194 


34.55 


1244 


35.27 


1045 


82.33 


1095 


83.09 


1145 


33.84 


1195 


34.57 


1245 


35.28 


1046 


82.34 


1096 


83.11 


1146 


83.85 


1196 


34.58 


1246 


35 30 


1047 


32.36 


1097 


33.12 


1147 


83.87 


1197 


34.60 


1247 


35.31 


1048 


82.37 


1098 


83.14 


1148 


83 88 


1198 


34.61 


1248 


35.33 


1049 


32.39 


1099 


33.15 


1149 


83.90 


1199 


34 63 


1249 


35.34 


1050 


32.40 


1100 


33 17 


1150 


33.91 


1200 


S4.6A 


1250 


35.36 
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1301 


36.07 


1351 


36.76 


1401 


37.43 


1451 


38.09 


1352 


3538 


1302 


36 08 


1362 


36.77 


1402 


37.44 


1452 


38.11 


12S3 


35.40 


1303 


36.10 


1353 


36.78 


1403 


37 46 


1453 


38.12 


1254 


35.41 


1304 


36.11 


1354 


26 80 


1404 


37 47 


1454 


38 13 


1255 


•35.43 


1305 


36.12 


1355 


36.81 


1405 


37.48 


1455 


38.14 


1256 


35.44 


1306 


36.14 


1356 


36 82 


1406 


37 50 


1456 


38.16 


1257 


35 45 


1307 


36.15 


1357 


36.84 


1407 


37.51 


1457 


38.17 


125B 


35.47 


1308 


36.17 


1358 


36 85 


1408 


37.52 


1458 


38.18 


1259 


35.48 


1309 


36.18 


1359 


36.86 


1409 


37 5* 


1459 


38 20 


1260 


35 50 


1310 


36.19 


1360 


36.88 


1410 


37.55 


1460 


38.21 


1261 


35.51 


1311 


86.21 


1361 


36 69 


1411 


37.56 


1461 


38.22 


1262 


35.52 


1312 


36.22 


1362 


36 91 


1412 


37.58 


1462 


38.24 


1263 


35.54 


1313 


36.24 


1363 


36 92 


1413 


37.59 


1463 


38.25 


1264 


35 55 


1314 


36.25 


1364 


36.93 


1414 


37.60 


1464 


38.26. 


1265 


35 57 


1315 


36.26 


1363 


86.96 


1415 


37 62 


1465 


38.28 


1266 


35.58 


1316 


36 28 


1366 


36.96 


1416 


37.63 


1466 


38.29 


1267 


35 59 


1317 


36.29 


1367 


36.97 


1417 


37.64 


1467 


38.30 


1268 


35.61 


1318 


36.30 


1368 


36 99 


1418 


37.66 


1468 


38.31 


1269 


35 62 


1319 


36.32 


1369 


37.00 


1419 


37 67 


1469 


38.33 


1270 


35.64 


1320 


86.33 


1370 


37.01 


1420 


37 68 


1470 


38.34 


1271 


35 65 


1321 


36 35 


1371 


37.03 


1421 


87.70 


1471 


88.36 


1272 


35.67 


1322 


36.36 


1372 


87.04 


1422 


37.71 


1472 


38 37 


1273 


35.68 


1323 


86.37 


1373 


37.05 


1423 


37.72 
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35.69 


1324 


36.39 


1374 


37 07 
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37.74 


1474 


38.39 
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35.71 
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36.40 
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37.75 
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37.12 


1428 


37.79 


1478 


38.44 


1279 


35.76 


1329 


36.46 


1379 


37.13 


1429 


37 80 


1479 


38 46 


1280 


35.78 


1330 


86.47 


1380 


87.15 


1430 


37.82 


1480 
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35.79 


1331 


86.48 


1381 
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39.40 


1602 


40.02 
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40.64 


1702 


41.26 


1503 


38.77 


1553 


39.41 


1603 


40.04 


1653 


40.66 


1703 


41.27 


1504 


38.78 


1554 


39.42 


1604 


40.05 


1654 


40.67 


1704 


41.28 


1506 


38.78 


1665 


39.43 


1605 


40.06 


1656 


40.68 


1706 


41.29 


1506 


88.81 


1566 


39.45 


1606 


40.07 


1666 


40.69 


1706 


41.30 


1507 


88^ 


1557 


'39.46 


1607 


40.09 


1657 


40.71 


1707 


41.32 


1606 


88^ 


1558 


39.47 


1608 


40.10 


1668 


40.72 


1708 


41.33 


1609 


88.86 


1559 


39.48 


1609 


40.11 


1659 


40.73 


1709 


41.34 


1610 


38.86 


1560 


39.50 


1610 


40.12 


1660 


40.74 


1710 


41.35 


1611 


88.87 


1561 


39.61 


1611 


40.14 


1661 


40.76 


1711 


41.36 


1512 


88.88 


1562 


39.52 


1612 


40.16 


1662 


40.77 


1712 


41.38 


1513 


38.90 


1563 


39.53 


1613 


40.16 


1663 


♦0.78 


1713 


4139 


1514 


38.91 


1564 


39.55 


1614 


40.17 


1564 


40.79 


1714 


41.40 


1515 


38.92 


1566 


39.66 


1615 


40.19 


1665 


40.80 


1715 


41.41 


1516 


38.94 


1566 


39.57 


1616 


40.20 


1666 


40.82 


1716 


41.42 


1517 


38.95 


1567 


39.59 


1617 


40.21 


1667 


40.83 


1717 


41.44 


1518 


38.96 


1568 


39.60 


1618 


40.22 


1668 


40.84 


1718 


41.45 


1519 


38.97 


1569 


39.61 


1619 


40 24 


1669 


40.86 


1719 


41.46 


1520 


88.99 


1670 


39.62 


1620 


40.26 


1670 


40.87 


1720 


41.47 


1821 


39.00 


1671 


39.64 


1621 


40.26 


1671 


40.88 


1721 


41.48 


1622 


39.01 


1572 


39.65 


1622 


40.27 


1672 


40 89 


1722 


4150 


1523 


39 03 


1573 


39.66 


1623 


40.29 


1673 


40.90 


1723 


41.51 


1S24 


39.04 


1574 


39.67 


1624 


40.30 


1674 


40.91 


1724 


41.52 


1525 


39.05 


1575 


39.69 


1625 


40.31 


1675 


40.93 


1725 


41.53 


1526 


39.06 


.1676 


39.70 


1626 


40.32 


1676 


40.94 


1726 


41.55 


1627 


39.08 


1577 


39.71 


1627 


40.34 


1677 


40.95 


1727 


41.56 


1528 


39.09 


1578 


39.72 


1628 


40.35 


1678 


40.96 


1728 


41.57 


1529 


39:io 


1579 


39.74 


1629 


40.36 


1679 


40.98 


1729 


41.58 


1530 


39.12 


1680 


39.75 


1630 


40.37 


1680 


40.99 


1730 


4159 


1531 


39.13 


1581 


39.76 


1631 


40.39 


1681 


41.00 


1731 


41.61 


1532 


39.14 


1582 


39.77 


1632 


40.40 


1682 


41.01 


1732 


41.62 


1633 


39.15 


1583 


39.79 


1633 


40.41 


1683 


41.02 


1733 


41.63 


1534 


39.17 


1584 


39.80 


1634 


40.42 


1684 


41.04 


1734 


4164 


1535 


39.18 


1585 


39.81 


1635 


40.44 


1686 


41.05 


1735 


41.65 


1636 


39.19 


1586 


39.82 


1636 


40.46 


1686 


41.06 


1736 


41.67 


1537 


39.20 


1587 


39.84 


1637 


40.46 


1687 


41.07 


1737 


41.68 


1538 


39.22 


1588 


39.85 


1638 


40.47 


1688 


41.09 
41.10 


1738 


41.69 


1539 


39 23 


1589 


39.86 


1639 


40 48 


1689 


1739 


41.70 


1540 


39.24 


1590 


39.87 


1640 


40.50 


1690 


41.11 


1740 


41.71 


1541 


39.26 


1591 


39.89 


1641 


40.51 


1691 


41.12 


1741 


41.73 


1542 


39.27 


1592 


39.90 


1642 


40.52 


1692 


41.13 


1742 


41.74 


1543 


39.28 


1593 


39.91 


1643 


40.53 


1693 


41.15 


1743 


41.75 


1544 


39.29 


1594 


39.92 


1644 


40.55 


1694 


41.16 


1744 


41.76 


1545 


39.31 


1595 


39.94 


1645 


40.56 


1695 


41.17 


1745 


41.77 


1546 


39.32 


1696 


39.95 


1646 


40.67 


1696 


41.18 


1746 


41.79 


1647 


39.33 . 


1597 


39 96 


1647 


40.58 


1697 


41.19 


1747 


4180 


1548 


39.34 


1598 


39 97 


1648 


40.60 


1698 


41.21 


1648 


41.81 


1549 


39.36 


1599 


39.99 


1649 


40.61 


1699 


41.22 


1749 


41.82 


1550 


39.37 


1600 


40.00 


1650 


40.62 


1700 


41.23 


1750 


41.83 
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41.85 


1801 


42.44 


1851 


43.02 


1901 


43.60 


1951 


44.17 


1752 


41.86 


1802 


42.45 


1852 


43.03 


1902 


43.61 


1952 


44.18 


1753 


41.87 


1803 


42.46 


1853 


43.05 


1903 


43 62 


1953 


44.19 


1754 


41.88 


1804 


42.47 


1854 


43.06 


1904 


43 63 


1954 


44.20 


1755 


41.89 


1805 


42.49 


1855 


43.07 


1905 


43.65 


1955 


44.22 


1756 


41.90 


1806 


42.50 


1866 


43.08 


1906 


43.66 


1956 


44.23 


1757 


4192 


1807 


42.51 


1857 


43 09 


1907 


43.67 


1957 


44 24 


1758 


41.93 


1808 


42 52 


1858 


43.10 


1908 


43.68 


1958 


44.25 


1759 


4194 


1809 


42.53 


1859 


43.12 


1909 


43.69 


1959 


44.26 


1760 


41.95 


1810 


42.54 


1860 


43 13 


1910 


43.70 


1960 


44.27 


1761 


41.96 


1811 


42 56 


1861 


43 14 


1911 


43.71 


1961 


44.28 


1762 


41.98 


1812 


42 57 


1862 


43 15 


1912 


43.73 


1962 


44.29 


1763 


4199 


1813 


42 58 


1863 


43.16 


1913 


43.74 


1963 


44.31 


1764 


42.00 


1814 


42.59 


1864 


43.17 


1914 


43 75 


1964 


44.32 


1765 


42.01 


1815 


42.60 


1863 


43.19 


1915 


43.76 


1965 


44.33 


1766 


42.02 


1816 


42.61 


1866 


43.20 


1916 


43.77 


1966 


44.34 


1767 


42 04 


1817 


42.63 


1867 


43.21 


1917 


43.78 


1967 


44.35 


1768 


42.05 


1818 


42.64 


1868 


43.22 


1918 


43.79 


1968 


44.36 


1769 


42.06 


1819 


42.65 


1869 


43.23 


1919 


43 81 


1969 


44.37 


1770 


42.07 


1820 


42.66 


1870 


43.24 


1920 


43 82 


1970 


44.38 


1771 


42.08 


1821 


42.67 


1871 


43.26 


1921 


48.83 


1971 


44.40 


1772 


42.10 


1822 


42.68 


1872 


43.27 


1922 


43.84 


1972 


44.41 


1773 


42.11 


1823 


42.70 


1873 


43.28 


1923 


43.85 


1973 


44.42 


1774 


42.12 


1824 


42.71 


1874 


4329 


1924 


43.86 


1974 


44.43 


1775 


42.13 


1825 


42.72 


1875 


43.30 


1925 


43.87 


1975 


44.44 


1776 


42.14 


1826 


42.73 


1876 


43.31 


1926 


43.89 


1976 


44.45 


1777 


42.15 


1827 


42.74 


1877 


43.32 


1927 


43.90 


1977 
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SWING BRIDGES. 



THREE POINTS OF SUPPORT, 
TWO EQUAL ARMS. 



REACTIONS, SHEARING STRESSES AND 
BENDING MOMENTS. 



Single I/3ada, ... pages 113 to 128. 
Symmetrical Loads, - ** 128 to 142. 



The following Tables are based on the assumption 
of a panel load and panel length of unity. The actual 
•hear will, therefore, be obtained by multiplying the act- 
ual panel load by the tabular shear, and the actual mo- 
ment will be found by multiplying the actual panel load 
by the actual panel length and by the proper tabular 
coefficient. 

If the chords are not parallel the web stresses may 
be obtained by the method of moments, or by a combina- 
tion of the method of moments and graphics. 

As the coefficients are based on unity both for load 
and panel length, the tables are applicable to any system 
of measurement and apply with equal facility to pounds, 
tons or kilogrammes and feet, inches or metres. 

The coefficients are derived from the formulae of the 
"Theorem of Three Moments" and are therefore appli- 
cable for the conditions upon which the theory was 
developed. 
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SWING BRIDGES. 



FOUR POINTS OF SUPPORT. 
PARTIAL CONTINUITY. 
TWO EQUAL ARMS. 

SYMMETRICAL LOADS. 



REACTIONS, SHEARING STRESSES AND 
BENDING MOMENTS. 



The following tables are based on the assumption of 
a panel load and panel length of uhity. The actual 
shear will, therefore, be obtained by mnltiplying the 
actual panel load by the tabular shear, and the actual 
moment will be found by multiplying the actual panel 
load by the actual panel length and by the proper tabu- 
lar coefficient. 

If the chords are not parallel the web stresses may 
be obtained by the method of moments, or by a combin- 
ation of the method of moments and graphics. 

If the length of the center panel should differ to 
some extent from the others, the tabular coefficient will 
not be sensibly changed. 

BXAMPLB. 
For shear in cd^ with loads at h and g^ multiply 

^b (= ^s) ^y — ° 432. 

For moment at c^ and loads at b and g^ multiply 
Wjj (= w ) by panel length and by + 0.136. 
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TOP CHORD LOftOCD TRANSVERSELY. 

To proportion chord sections which are subjected 
to a betiding load in addition to direct compreaiioft let 
M = the bending moment in inch pounds, 
C ^ direct compcession due to position as a truss 

member, 
A :s required area of section, 
I = moment of inertia of section,. 
i/ = distance from neutral axis to cactreme top 
fibre; then 

Q 

— = Direct compression per square inch, 

— . = compression per square inch in extreme 
fibre due to bending. 

/ = — ^ — z— = resultant fibre stress (i\ 

A I 

But I = A r', and substituting in equation (i), 

•^ ~ A "^ Ar2" ^^^^ ^^^ 
A __ C r» + M d 

A — 7 — « . . . , 

If the specified unit stresses for bending, live and 
dead loads have different values, then let, 
/t = unit stress for transverse load, 
/i = unit stress for live load, 
/d = unit stress for dead load, then 

At = -2 — a ~ "*^* required for bending, 

Ci 
Al = ^ = area required for live loadstress^ 

Ca 
Ad= 7- = area required for dead load stress, 
yd 

and A = At + Ai + Ad =total area required. 
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PORTAL BRACING. 

Direct stresses and 
bending moments due 
tu a load W applied at 
B; assuming the reac- 
tions at C and D to be 
equal to }W, and as- 
suming that the mem- 
bers AD and BC are 
free to rotate at C and 

In Fig. I AB and bp 
are struts and ap and 
BB tensions members. 

In Fig. 2 AB and bp 
are tension members 
and AP and bb are 
struts. 

In Fig. 3 all mem- 
bers are struts. 

Let a, dt c, d and e 
represent the length 
of the several mem- 
bers as indicated in 
Figs. I, 2 and 3, and 
let the + sign repre- 
sent a compressive 
stress and the — sign 
tensile stress : then 
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Fig. I. Stress AB = + W(~ + I ) 
»* AED = + W (i^4-^ ) 

B F has no direct stress, but B F C and A B D are 
both subjected to bending moments, vatjring uniform- 
Ijfrom 

M = O at A, B, C and D to M = ^^ at F and E. 
Fig. a. Stres8AB = -Wj^ 



«c 



<( 



ED = + w(-24^) 

•' BE = + W ^^2L+±1? 

A E has no direct stress, but A E D and B F C are 
both subjected to bending moments, varying uniform- 
ly from 

M = O at A, B, C and D to 
M = — atEandF. 

2 

Fig. 3. Stress BH = + W (j^ + 1 ) 

" AK = - W ~ 

2 O 

" HK = + ^ 

•c wir — 4- ^ LfL±_*l* 
** HF = - — ^-^-=tA!* 

2 b d 

Bending moments at E and F = -^ 

<4 (I 



KandH-— ^^_^^^^ 
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CAMBER. 

TheontieftUy a troM thonld have just snffident 
camber to bring the joints of the compression chords to 
a true square bearing when the tmss is fnlly loaded. 
The most per f ect way of aooomplishing this is to calcu- 
late the lengths of the various members in the position 
they are expected to assume when the truss is fully 
loaded; then calculate the stresses in the web members 
for the same condition of loading; calculate the elonga- 
tions of the various tension members and the shortening 
of the compre s sion members due to the stresses under 
full load and the actual sections used; then diminish the 
lengths of the tension members and increase the lengths 
of the co m pre ss ion members by these amounts. 

While this method accomplishes the desired pur- 
pose, it doee not give directly the amount of camber 
which the truss will assume when erected and unloaded. 
This, however, may be calculated if desired. 

A shorter method, and the one more generally used, 
is as follows: 

Assume the amount of camber to be given to the 
truss; that is, the versed sine of the camber curve of the 
chord; then assume the chords to be arcs of concentric 
circles and the posts to be intercepts of radii. Knowing 
the length of bottom chord panel and the depth of truss, 
the length of top chord panel and the length of diagonal 
members may be readily obtained. 

Let c = camber desired 

d = depth of truss 

/ = length of span 

n = number of panels in truss 

f = increase of top chord panel over bottom 
chord panel, 

all values being expressed in inches of all in feet. 
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Then: 

In all ordinary cases 4c^ is small in comparison with 
the other values m the formula and may be neglected; 
the formula then becomes 



t = 



In 



in which c may be expressed in inches, d and / in feet, 
and the value i will be in inches. 

Having now the length of top and bottom chord 
panels the diagonal may be computed as the hypothe- 
nuse of a right angled triangle of which one side is the 
depth of truss and the other a mean of the top and bot- 
tom chord panel lengths. 



ifiT 



The l«ngtii8 of fluige platei for efrdea vitSr par- 
allel flanges may be xwdily obtaiaed aaalyticaUy, aa 
follows; let 

a^ = area of first flange plate 

a^=z area of first and second plate 

a^= area of first, second and third plate 

a^= total area of flange 

Zj = length of first flange plate 

2:^= length of second flange plate 

z^n: length of third flange plate 

/ = length of span. 
From the equation o9 the parabola 

but a^ , ^2 , flj and / being known 

Xi«=/5~orxi=/ K 

x,2=/2?iorx2 = 



•x 



2 — 



Mat 
/2^orx8=/ \K 



These values of Xj, x,, and X3 may all be obtained 
by one setting of the slide rule, as follows: 
Set a^ on the slide to 

/ on scale of squares; then 
opposite a^ , a^ and a on the slide read x^ , x^ and x^ 
on the scale of squares. 
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SAFE WORKING STRESSES PER SQ. IN. FOR TIMBER. 

hnM bj S in Formnli for Tifflber Columi. 



Class 



1 

2 
3 

4 





For 

TraBprem 

LoidiBg 




For Short 


For 


Tjpical Species 


ForEal 
Bearing 


CoIbbbs 

wheB 

I <\2d 


Bearing 
lerois 
Pibr« 


White Oak 


14C0 


1300 


1000 


550 


Long Leaf Pine 


1600 


1300 


1000 


350 


White Pine 


1100 


900 


700 


200 


Hemlock 


950 


850 


650 


200 



For 

Shear Along 

Fibre 



300 
200 
150 
100 



TIMBER COLUMNS. 



Table giring ralncs of factor 



1+ 



/2 



in Colnmn Formnla F = S 



1000 <f 2 



1 + 



/2 



nmd2 



P — Safe load per tq. in. for column of length /. 

S - ** " «* *' *' for short column, taken from table above. 

/ " Length of column, in inches. 

d — I^east side of column, in inches. 



Leneth 

of ColBBlB 


I«BAST SIDE OF COIfUMN IN INCHES — d 


















1 










in Feet 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 




«__ 








4 


.87 


.91 


..li. 


1, 




















6 


.75 


.82 


.87 


.90 


^^^ 


.^^ 
















8 


.63 
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.79 


.85 


.87 


.89 


^^^ 


^■^ 








,. 




10 


.52 


.63 


.71 


.78 


.80 
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.89 


^^^, 


^^^ 
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12 


.43 


.54 
.46 


.63 
.56 


.70 
.63 


.76 
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.79 
.74 


.82 

.77 


.85 
.81 


.87 
.83 


.89 
.85 








14 
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"^^" 
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.67 


.70 


\74. 


.76 


.78 


24 








"^■^^ 


.43 


.49 


.54 


.59 
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THE 08B0RN ENGINEERING COMPANY'S STANDARD LOADING 
FOR ELECTRIC RAILWAY BRIDGES. 




nTTTTTil 




Sin 



p itm * M ■ »W 



5" 6" 



l6'o' 



5' 6' 7'o* 5' 6" 



l6'o' 



5' 6^ 



LIVE LOAD "A." 

Train of 74-ton Co«l Ctra« 

Weight of Car =r 38,ocx>lb8. 

Rated Capacity = 100,000 ** 

10% Overload = 10,000 ** 

Total Load = 148,000 

Axle ** = 37,000 






J 



^ 



gj [ > u 



TY TT 




m-^ 



S'«" 19' o' 5'o" 8'o' 5'©* 

LIVE LOAD "N." 
Train of 6a-ton Coal Caia. 



Weight of Car = j6,ooolba. 
Rat^ Capacity = 80,000 " 
10% Overload = 8,000 " 
tbtal Land s= 194,000 
Azk ** ss }x,ooo 



•« 
•« 



19' o* 

LIVE LOAD "O." 

Train of 46*ton Flat Cara — Sama whaal 
spacing M for 62-ton Coal Can. 

Weight of Car =:s6,ooolb8. 
Ratad Capacity = 60,000 ** 
10% Overload = 6,000 ** 
Total Load = 92,000 *' 
Arie " ga3,ooo " 



L 



rrrr 



1 






J L 



lOI 



u 



mim 



6'0- 



16' o« 



6'o' 



6'o" xa'o* 

LIVE LOAD "D." 

Train of 40-ton Motors. 

Axle Load = 90,000 Iht. 






li'o' 



6'0» 



NOTE.— Liva Load "A" should ba uaad for roads daaignad for haavy coal traffic, ate. 
LlvdLo«d"8" " " •• •• to carry oecaalonal coal ears. 

UvaLoad"C" " •• •• •• " "ordinaiyfraiffht traffic, 

but not cars of ovar 60,000 lbs capacity- Thii axcludaa coal traffic. 
Liva Load "D" should ba uaad for roads daaignad lor paiaongar and ax- 

praaa traffic only 
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THE OSBORN ENQINEERINft COMPANY'S 
STANDARD LIVE LOADS FOR HIGHWAY BRIDGES. 



UNIFORM I^IVB I«OAD8 

For oonntry bridges cartTing heavy traffic, and for city bridges: 
for sjMns up to 150 feet long, 100 lbs. per square foot of roadway and 
80 lbs. per square foot of sidewalks. For spans over iso feet long, 
80 lbs. per square foot of both roadway and sidewalks. 

For country bridges carrjring ordinary or very light traffic: for 
spans up to 150 feet long, 80 lbs. per square foot of both roadway 
and sidewalks. For spans over 150 feet long, 60 lbs. per square foot 
of both roadway and sidewalks. 

CONCBNTRATBD I,IVB I«OADS. 

For country bridges carrying heavy traffic, and for city bridges: 
a steam road roller weighing 35,000 lbs., arranged as follows: 15.000 
lbs. on forward roll and 10,000 lbs. on each rear roll; axles eleven 
feet apart, forward roll four feet face, rear rolls each twenty inches 
face, rear rolls five fetst center to center. 

For country bridges canying ordinary traffic: a steam road 
roller weighing 31,000 lbs., arranged as follows: 9,000 lbs. on for- 
ward roll and 6,000 lbs. on each rear roll; axles eleven feet apart, 
forward roll four feet face, rear rolls each twenty inches face, rear 
rolls five feet center to center. 

For country bridges carrying very light traffic: a single horse 
roller weighing 12,000 lbs., the roll five feet face; or a wagon load 
of- 10, 000 lbs. on two axles eight feet apart, ^wheels five feet gauge. 

Unit stresses may be increased twenty-five per cent, for the road 
rollers, but concentmted loads should not be cotisidered as distrib- 
uted over two or more stringers, except when such distribution un- 
questionably occurs. 

If a paved floor of sufficient width be used, the rollers should be 
considered when turned at right angles to the axis of the bridge. 

If the-strocture is to be designed for the present or future ac- 
commodation of electric railways, suitable concentrations should 
be selected from page 171, and the structure proportioned for these 
concentrations also. 
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IMPACT FORMULiE. 



THEOSBORN ENCINCERINa CO. 

where I •- Impact. 

I« •■ Maximum live load 

stress. 
D •- Dead load stress. 



THE AMERICAN BRIDGE CO. 

^ - ^ L -f 300 
Wheie I •- Impact. 

8 — Maximum live load 

stress. 
I, — length in feet of 
loaded distance whicliproduces 
maximum stress in member. 



THE OSBORN ENQiNIRRlRfl GOIPANTS 
STANDARD UNIT STRESSES 



Paudi per Sqnn Inch 



NATURE OF STRESS 


For 
Railroad 
Bridget 


For 
Electric 
Railway 
Bridget 


For 
Highway 
Bridget 


Tension 








Wrought Iron, 


13.000 


15.000 


18.000 


80ft Steel, 


15.000 


17,000 


20.000 


Medium Steel, 


17.000 


19,000 


22.000 


CoMPRBSSIOir 








Values of C ia formuls at bottom 








of page, 






• 


Wrought Iron, 


13.000 


15.000 


18.000 


Soft Steel, 


15.000 


17,000 


20,000 


Medium Steel, 


17,000 


19.000 


22,000 


Values of -^ in the formulae below 


^ 






should not exceed: 








for main members, 


100 


100 


125 


for subordinate members. 


120 


120 


150 


Bbndino 








Pins, closely packed, medium steel, 


25.000 


25.000 


25.000 


BBAaiKa 








Pins, medium steel. 


22.000 


24,000 


24.000 


Rivets, rivet steel. 


20,000 


22,000 


22,000 


Shbaxxno 








Pins, medium steel, 


11,000 


12.000 


12.000 


Rivets, rivet steel. 


10.000 


11.000 


11.000 


Webs of plate girders, soft steel. 


9.000 


10.000 


10.000 


'* medium steel. 


10.000 


11.000 


11.000 



COMPRB8SION PORMULiB: 

Square Bearing. 

12500 



S«ft Steel, S = 



1 + 



/2 



Pin and Square Bearing. 

g _ 12500 



Pin Bearing. 

12500 



S = 



Medinm Steel, S = 



seooor* 

15000 



1 + 



1 + 



/» 



S = 



24000r» 
15000 



1 + 



/2 



18000 r^ 



3€000r' 



1 + 



l^ 



S = 



24000H 



1 + 



/* 



18000H 



S -i Working strength in lbs. per sq. in. ; / •- length in inches ; 
r im least radius of gyration in inches. 
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VALUES OF MOMENre OF INERTIA FOR ITANOARD SHAPES 
OF TRE CARNEfllE STEEL COMPANY. 



fipi \ Atea=4=dt+(«+y)as. 

i ■!! I I=A[bd■^(l■•-l•)]. 



i=[b'.+Jbl-+A(b-t)'(b+«)]*A. 

i=A[M'-Jll>'-l«)]. 

I-=Hisb'+lf+A(b<-t<)]-Ai'. 







ArM=A=(d+ic)t. 

I=A[ba'-8c(b-3)']. 

I'=iii[d(b+c)'-ahc'— 6hcb 


]• 




1; 

■....^... 


.J 


„ 


"T 

i 


AreB=A=(b+d— t)t. 

t(2b+b)+b- 

" >(b+bV 
I=J[b.'+l(d-i)'-(b-tKi- 


)•]■ 




.f ■< 


^ 


ita—i 


-' 





VALUES OF I (lioniiit ©f liitrtfi) AMD 8 (ttdlM ll«duluf ) 

FOR USUAL SECTIONS. 



SBCTION9 



^■■b—'i 



'r^////////. 

////''//,. 



I 

■ 

« 



r-'-b"^ 





r-"*— » 







bh; 

■ 12 



r= 



bh- 



1= 



bh» 
36"- 



r= 



bhf 



1= 



rd* 



64 
=0.0491 d*. 



bh^-b^h^» 
12 



1=0.0491 (d*-d^*). 



I . 



8 



bh2 



Min.=- 



bh' 



24 



Trd- 



3=* , 
=0.0982 d3 



o.5h' 



d'4 



0.0982 /'da- 1_^ 



Hin.= — . 

n 



bh^-fb^-'* 



I=- 






12 



0.5 b' 



X X Denotes position of neutral axis. 
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CONVENTIONAL SIGNS FOR BRIDGE RIVETS. 

Shflp* Mmn» 
Two Full Headi. 



Counttrsink Intlde and 
Chlpptd. 

Counttrtunk Outsldi and 
Chlpptd. 

Gov nttrsank Both SIdot and 
Chlpptd. 



a® 





OUbide. Both Sides. 



Flatttntd to }i'^ high or 

Counttrtunk and not 

Chlppod. 

Flatttntd to j^'^ high. 



Flatttntd to }i^^ high. 



00(1) 

0O(D 



The foundation of the Above system is the diagonal cross to 
represent a countersink, the blackened circle for a field riret, and 
the vertide stroke to indicate a flattened head. The i>osition of the 
cross with respect to the circle (inside, outside or both sides) indi- 
cates the location of the countersink, and the number and position 
of the yertide strokes indicate the height and position of the flat- 
tened heads. 

Any combination of field, countersunk and flattened head rivets 
liable to occur may be readily indicated by the proper combination 
of the above signs. 
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BRIDGES. 



SMII HtSTOMCU ANH OTHER INTEIIESTINa DATA. 

H18TORI0A1.. 

▲ade&t bridcet mn knomi to have czittedia Clmn, Amyria. 
aad India long before the Chriatiatt Sra. Stone bridgesi built of 
•loba on pitta» irete bnilibgF ttaeGrecka. 



The origin of the ar^ may be traced bade to the Chaldeans and 
Assyrians. Crude arches of brick have been found in ruins of 
Thebes, piobably boiK about 21900 B. C. The Rowans, however, 
were probably the first to ttse the arch nnderstandingly, nbout the 
second eentnry B. C. 

The first bridge in the United States, so far as known, was a 
pile trestle, built in x66o, across Charles River, near Boston. 

▲ noted long wooden span was the bridge "Colossus," 340^ 3H" 
long, built by I^uis Wernwag , about iSxs, at Philadelphia, on the 
site of the present Callowhill bridge. 

The first iron bridge in the world was built over the Severn 
River at Ifonbridge, England, in 1779. It was a cast iron arch of 
xoo' &' span and 40^ rise. The next was the "Buildwas Bridge," a 
similar structure, built over the same river by Telford in 1796; span 
ly/, rise 17'. 

The fine iron rvitwny bridge was bnilt in 1833, for the Stockton 
and Darlington Railway, over the Gaundless River, a tributary of 
the Wear River, in England, a cast iron trestle consisting of four 
spans is' t" ench. 

The first plate girders were made in England in 1846, by Fair- 
bakn, from designs by Stephenson. They had cast iron flanges. 

The first bridge across the Mississippi River was a suspension 
bridge, built 1855, at Minneapolis, 620' span. There are now forty- 
six bridges across that river. 

Suspension bridges are said to have been built in China over 
2000 years ago. Such structures were built in Europe as early as 
16x5. 

The first dbain bridge in England was a foot bridge of 70' span 
built about X74X, over Tees River. 

The first chain bridge in the United Slates was bvilt by Finlay, 
in X796, over Jacob's Creek, near Uniontown, Pa. The fixst wire 
suspension bridge in the United States was built in x8x6^ over the 
Schuylkill River, in Philadelphia. 
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The flnt tnapcnsion bridfe over tlie Niagan River wms tmilt 
by Cb«rlei BUet, in 1848. The only railway suapention bridge in 
the world waa built by Roebliag at Niagara, in 1855. 

Woodea cantilever bridges were bnilt by the AmytlmaM tm early 
aa aooo B. C. 

The first cantilever bridge of importance to be bnilt In the 
United States was the Kentucky Klver Bridge, bnilt by C. Shaler 
Smith, in 1877. Total length, xi^'; being three equal apans of 37s'. 
The second was the Minnehaha Bridge over the Mississippi River 
at St. Paul, built in z88o, with center span of 324'. The third was 
the Niagara cantilever, built in 1883, with center span of 420'. 

The Romans bnilt cement arches ; remains of them still exist. 
Since their times the earliest was a co n crete arch of 31' span, built 
by John C. Goodrich in 1871, in Prospeet Park, Brookljm, known as 
the Cleftridge Bridge. 

Reinforced concrete was firrt used by Monier in 1876. 

The first reinforced concrete bridge in the United States was 
built according to the Ransome system, in 1889, at Golden Gate 
Park, San Francisco. Span ao'. 

EVOLUTION OF TYPES IN THE UNITED STATES. 

The first known patent for abridge was granted to Chas. W. 
Prale, Jan. a, 1797. 

Patents were also granted to Timothy Palmer, Dec. 17, 1797 ; 
to Thomas Pope, April 18, 1807 ; to I«ouis Wemwag, and several 
others; but the Patent Office records were burned in 183^ and could 
not be restored. 

The first patent for a truss bridge was granted to Theodore 
Burr, in 18x7. The designs consisted of trusses reinforced with 
wood arches. 

Three noted namea connected with early bridge building in the 
United Statea are Theodore Burr, Timothy Palmer and I«ouis 
Wemwag. 

Ithiel Towne patented the lattice girder bridge in x8ao. 

I«ong patented his types in 1830 and X839. 

The first iron truss bridge was patented in X833, ^ Augustus 
Canfield. The first one built was over the Krie Canal at Frankfort, 
N. Y., in X840, by Earl Trumbull. It was a combination of cast 
iron segments and suspension rods, with an anchored top chord in 
tension. 

Wm. Howe patented his tjrpe in X840. 

Squire Whipple built his first bridge in X840. It was a bow- 
string truss with cast iron compression members and wrought iron 
tension members. He secured a patent on the type April 24, X841. 
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Thoa. W. and Caleb Pratt patented the Pratt truM April 4, 1841. 

Wendell Bollman*a first bridge was bnilt over tbe Potomac 
River at Harper's Perry, in iQsa. It was a 134' span. 

Albert iHnk built a three span bridge over the Monongahela 
River in 185a. 

The first pin connected span was bnilt bj John W. Mnrphy in 
iQS9« over a canal at PhilUpsburg, N. J. It was a i^' span and was 
called a "Whipple-Murphy" bridge. 

The first bridge in which wrought iron was used for both 
tension and compression members was built by Murphy over the 
X«ehigh River, at Mauchchunk, for the I«ehigh Valley R. R. 

The first riveted lattice girders were built in 1859 'or the New 
York Central R. R,, by Howard Carroll. 

8. 8. Post built the first bridge of his tjrpe in 1865, for the Brie 
R. R., at Washingtonville. 

In 1874, James B. Hades built the Mississippi River Bridge at 8t. 
I/mis. It consists of .three trussed arches, one of sso' and two of 
Sos'span. 

THE LONGEST BRIDQE 8TRUOTURE8. 

I/>ngest wooden structure— a pile trestle across I«ake Pontchar- 
train, near New Orleans, I«a., 21 miles long. 

I^ongest metal structure— the Tay Viaduct, Scotland, 10,800 feet 
long, iron lattice girders. The bridge across the 8t. I«awrence 
River at Montreal has a total length of 8,791 feet. 

longest masonry structure -the I«ion Bridge in China, across 
an arm of the Yellow Sea, 22,968 feet long, composed of 300 arches. 

THE HIGHEST BRIDQE STRUOTURES. 



Name 



St. Giustina 

Garabit 

Du Viaur 

Stoney Creek 

I/>a 

Pecos River 

Gokteik 

Kinzua 



Country 



Switzerland 

Prance 

Prance 

British Columbia 

Bolivia 

United States 

Burmah 

United States 



Langth, 
Feet 



197 
1852 
1608 
336 
800 
2180 
2260 
2052 



Height. 
Feet 



460 
406 
382 
340 
336 
328 
320 
302 
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THE OSBORN ENGINEERING CO, 

(ntCOKPOKATBD) 

OsBORN Building Cz.bvbi«and 

CONSULTING ENGINEERS 

civil, MECHANXCAI, ZlXCtVLlCAX, STRUCTURAX, 



Plans, Spbcxpicatzons, 

8upbbintbifi>bncb of constbuction 
Bbidgbs, Buildings, 

Manufactxtbino Plants of A.ll Kinds, 

CONCBBTB AND CONCBBTB-STBBL CONSTBUCTXON, 
INSPBCTXON AND TBSTS OF MATBBIAL. 
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